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Among the questions pertaining to the behavior of water in the 
body during fever is that of the changes in function in the digestive 
glands. In this connection Meyer, Cohen and Carlson (1) showed 
that the total quantity of the gastric secretion in human febrile cases 
is reduced. 

The present investigations upon dogs were undertaken to deter- 
mine whether the curve of salivary secretion is also affected by fever, 
and if so in what way. As saliva is not rapidly secreted by a resting 
animal several hours after food, the procedure adopted was to deter- 
mine the response to a standard dose of pilocarpine in normal animals, 
repeating the procedure during fever after sufficient controls had been 
obtained. 

Metuops. The following method of collecting saliva, similar to 
that used by Pawlow, Cushny (2) and others was employed: 

Under ether and stringent asepsis a permanent salivary fistula was 
made in the right submaxillary (Wharton’s) duct. This was done by 
ligating the duct as far forward as possible and then suturing it to the 
skin of the right submental region, after which it was incised. One 
month or longer was allowed for healing before experimentation. 

One-half milligram pilocarpine hydrochlorid per kilo body weight of 


dog was selected as the standard dose. This amount was weighed 


1 The expenses of this work were defrayed froma grant from the Bache Fund of 
the National Academy of Sciences. The data are taken from a thesis presented 
by one of the authors (B.P.F.) in candidacy for the degree of Doctor of Medicine, 
Yale University, 1920. 
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and freshly made up in 8 to 10 ee. of distilled water for each individual 
experiment. Injections were made subcutaneously. 

Throughout each experiment the animal was made to lie on a table 
on its left side, so that the salivary fistula was on the upper side. The 
fistula opening was then carefully wiped out and a small weighed 
pledget of absorbent cotton applied. The saliva secreted was collected 
by 5-minute periods upon such pledgets and the amount immediately 
ascertained by reweighing in order to prevent loss by evaporation. 
The secretion was thus observed for 10 minutes before and for 2 hours 
after the injection of pilocarpine. 

Attention should be called to a number of the precautions which 
were taken. The dogs were disturbed as little as possible during the 
course of the observations and would lie quietly on the table, often 
even falling asleep. Furthermore the area surrounding the fistula 
opening was kept free of hair at all times so that nothing was weighed 
upon the tared cotton except the clean saliva. Besides this, great 
care was taken to prevent any fluid from the mouth reaching the field 
of operation and the saliva was blotted from the opening upon the 
cotton with the slightest and most uniform pressure possible. 

Throughout the entire series of experiments the animals were kept 
on a standard diet consisting daily of canned meat, 8 ounces; bread, 
4 ounces; lard, 2 ounces; water, as desired. The experiments were 
usually begun from 16 to 20 hours after the daily meal. The animals 
were allowed to run out of doors for several hours each day except in 
bad weather. 

Two dogs were used. Dog 1 was a male tan mongrel terrier hound 
weighing 13 kgm. at the beginning of the pilocarpine experiments 
and 13.8 kgm. at the end (see fig. 3). At the time of operation, one 
month previous to the beginning of these experiments, he had weighed 
12 kgm. 

Dog 2 was a female black, short-haired mongrel weighing 7 kgm. at 
the beginning of the pilocarpine experiments and 6.7 kgm. at the end 
(fig. 4). At the time of operation, however, 2 months previously, she 
had weighed 8.25 kgm. 

The pilocarpine injections were usually made at intervals of 2 or 3 
days. One or two exceptions to this will be noted in figure 4. 

The production of fever was accomplished by the subcutaneous in- 
jection of 1 ce. per kilo of a coli vaccine (Lederle) containing 1,000,000 
million killed bacilli per cubie centimeter. After injection the 
temperature was taken at hourly intervals until it had risen consider- 
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ably. The determination of the salivary curve was then begun and 
the standard dose of pilocarpine injected. 

Resutts: The effect of repeated injections of pilocarpine in normal 
dogs. Contrary to expectation it was necessary to repeat the injection 
a number of times before a normal curve could be predicted within 
reasonable limits. In both dogs the maximum secretion for any 5- 
minute period was found to increase for a time with each successive 
injection. Furthermore the same was found to be true of the total 
saliva secreted within the standard period of 130 minutes. With re- 
spect to the total secretion, however, (see figs. 3 and 4) the increments 
in dog 2 were not very considerable after the first two injections. 

These results are most clearly illustrated in figures 1 and 2, apply- 
ing to dogs 1 and 2 respectively. The chronological order of the 


curves, which are superimposed, can be seen at a glance by comparing 


the respective maximum heights (the maximum usually occurred be- 
tween the 25th and 40th minute of the experiment). In the case of 
dog 2 is seen a tendency for the curves to fall away more steeply from 
the maximum point; the greater the maximum secretion the steeper 
was the fall, thus accounting for the comparatively slight increments 
in the total secretion for each successive day (fig. 4). The failure of 
the totals to keep pace with the maxima is attributed in this case to 
the somewhat inferior nutritive condition of this dog. 

From the above findings it is concluded that injections of pilocarpine 
repeated at intervals of a few days continue to hypersensitize dogs to 
the stimulating action of this drug upon the salivary secretion until 
the submaxillary gland is at least twice as responsive as after the first 
injection. 

In order to determine whether this increasing hypersensitivity was 
due to a functional hypertrophy, the submaxillary glands on both sides 
of both dogs were removed at autopsy (subsequent to recovery from the 
fever experiments) in order to determine if possible whether anatomical 
hypertrophy was present. From neither the macroscopic findings nor 
from the size and character of the various types of cells as compared 
with those of normal dogs could any degree of anatomical hypertrophy 
be definitely established. 

Effects of pilocarpine upon febrile dogs. The results obtained during 
fever in each animal differed in some respects and will be described 
separately. 

Dog 1. On the 26th day after the first injection of pilocarpine had 
been made the animal weighed 13.9 kgm. and exhibited a temperature 


i 


Fig. 1. Dog 1. Salivary secretion under pilocarpine 0.5 mgm. per kilo. Subcutaneous injection at P 
Curve of Ist day ; 13th day (-.-.-.-.-.); 17th day ; 2lst day (————_)._ Ordinates 
grams of saliva. Abscissae: minutes. (Note successively increasing maxima and total amounts of saliv 

Fig. 2. Dog. 2. Salivary secretion under pilocarpine 0.5 mgm. per kilo. Subcutaneous injection at P 
Curve of Ist day ; 4th day -. ( ); 18th day (—————)._ Ordinates: gra 
of saliva. Abscissae: minutes. (Note successively increasing maxima. Total secretion did not increas¢ 
much after second injection (4th day).) 


Fig. 3. Dog 1. Curves of total salivary secretion and of body weight on various days of pilocarpi 


injections. Abscissae: days. Ordinates: grams saliva or kilograms body weight. Continuous line: tota 
secretion; broken line: body weight (the short broken line at the beginning indicates the weight at tim 
of operation). Day of coli injection indicated by arrow. 

Fig. 4. Dog 2. Same as figure 3 

Fig. 5. Dog 1. Salivary secretion under pilocarpine 0.5 mgm. per kilo. Subcutaneous injection at P in 
the normal animal and after induction of fever. Curve of 23d day ; 26th day (fever — 
27th day ; 30th day 

Fig. 6. Dog 2. Salivary secretion under pilocarpine 0.5 mgm. per kilo. Subcutaneous injection at P 
the normal animal and after induction of fever. Curve of 18th day ; 20th day (fever 
2Ist day ; 27th day 


390 


a 
A 
so \ 
‘ 4 
a he — 
j 
\ 
~ \ 
, 
| \ 
as \ 
\ 
/ \ 
4 \ / 
\ / 
as \/ — 
~ 
0 ‘ 
Deg! 
Js 
Dey 2 
‘ 
\ 
\ 
4 ‘ “A 
j 
Pp 


SALIVARY SECRETION IN FEVER 391 


of 38.8°C. Fourteen cubic centimeters of coli suspension raised the 
temperature to 40.1°C. in 4 hours. Determinations for the curve 
of secretion were then begun and the pilocarpine was injected after 
the usual two preliminary 5 minute periods. The effect of the fever 
is best understood by a study of figures 3 and 5. Figure 3 shows that 
the total secretion fell from 35.7 grams on the 24th day to 28.2 grams 
on the fever (26th) day. There was a still further fall on the following 
(27th) day, although the temperature had returned to normal. In 
the meanwhile, however, the animal had refused his daily ration, the 
result of which is further seen in the weight curve (fig. 3, broken line). 
On the 30th day the animal although still low in weight had entirely 
recovered his power of response to pilocarpine, the total secretion for 
that day amounting to 38.8 grams. 

In figure 5 the curve of secretion during fever is indicated by the 
continuous line, all of the other lines being broken. It will be seen 
that during the fever no marked secretion of saliva began until the 35th 
minute of the experiment. The maximum was not reached until 
the 95th minute, amounting to only 2.32 grams. This was lower than any 
maximum for this dog since the 14th day, before much hypersensitiv- 
ity had been acquired. The completeness of recovery from the febrile 
condition is indicated by the curve of the 30th day (light dotted 
line) which presents two peaks, the first being reached at the 25th 
minute. Figure 5 should be compared with figure 1, in which other 
normal curves for this dog are presented. 

Dog 2. On the 20th day after pilocarpine injections had been 
started in this dog, her weight was 7 kgm. and body temperature 
38.1°C. To produce fever 7 cc. of the coli suspension were injected, 
the temperature rising to 39.8°C. by the end of the 2nd hour. The 
determinations for the curve of salivary secretion were then begun and 
pilocarpine injected as usual. The results obtained agree substan- 
tially with those on dog 1 during fever. The decrease in the height of 
the total secretion is well shown in figure 4, while the continuous line 
in figure 6 shows how lew'a maximum was reached. The maximum 
secretion of 1.09 gram (lower than any maximum observed since the 
first day of experimentation on this dog) was however attained with 
but comparatively slight delay, occurring at the end of the 30th 
minute. 

On the following day the observations differed somewhat from those 


on the corresponding day in dog 1. Dog 2 exhibited on the day after 


coli injection some loss of weight due to the refusal of food, a slight 
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persistence of the febrile temperature, 38.8°C., being also observed. 
The curve of salivary secretion obtained at this time was found to be 
much higher than any of the pre-fever curves, the total amounting to 
14.9 grams as against the greatest total of 11.5 grams on the 18th 
experimental day. During this copious secretion of saliva the tem- 
perature rose from 38.8° at the beginning to 39.7° at the end. On 
the succeeding days the curve of salivary secretion decreased until on 
the 27th day the pre-fever level was reached (11.1 grams). 

Since in both dogs during the height of coli fever there occurred 
not only a definite delay in the appearance of secretory stimulation 
after pilocarpine, but also a marked reduction in the maximum se- 
cretion for any 5 minute period as well as in the total secretion, it must 
be concluded that the stimulation of salivary secretion by pilocarpine 
is less effective during fever. 

The fever experiments were so conducted as to include the period 
when Barbour and Howard (3) have found constantly the greatest 
increase in the total solids of the blood as well as the highest tem- 
perature in coli fever. It seems therefore unnecessary to attribute, as 
others have done, the depression of secretion in fever to a somewhat 
indefinite condition of ‘cloudy swelling” of the glands. The paucity 
of secretion can be perfectly well accounted for by the lack of avail- 
able water in the circulation (4). 

The difference between the two dogs in the effects of pilocarpine on 
the day immediately after coli injection cannot at this time be account- 
ed for. The one in which the fever still persisted (dog 2) exhibited a 
very marked stimulation of secretion, while the one in which the tem- 
perature had returned to normal (dog 1) secreted even less saliva than 
on the day of coli injection. Unfortunately no data are available as 
to the presence or absence of hydremia on these occasions. Undoubt- 
edly both dogs were still in an abnormal condition; this is evidenced 
by the return to the pre-fever level of salivary secretion a number of 
days later, when the animals appeared to have recovered except for 
the local effects of the injection. - 

The marked increase of temperature observed in dog 2 following 
the pilocarpine injection on the day after coli injection can be account- 
ed for readily by the copious loss of fluid from an animal already 
febrile. 

CHANGES IN THE SOLID CONSTITUENTS OF THE SALIVA: In the second 
dog it was attempted to determine whether any quantitative changes 
occurred in the solid constituents of the saliva as the result of the 
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injections on the various days. To this end estimations were 
made of the total solids as well as of the total inorganic salts. The 
sample of saliva used in each case for this purpose was one of those 
taken near or at the highest peak of the secretion curve. It was col- 
lected in a weighed crucible held against the fistula opening. After 
weighing to determine the percentage of total solids a combustion 
was performed on the dried saliva and the total inorganic salts deter- 
mined. Table 1 shows in the second and third columns the percent- 
age changes in the solids and inorganic salts of the sample of saliva 
tested. Assuming the saliva to be of constant composition through- 
out the experiment we have calculated from the total saliva in 130 
minutes (column 4) the total number of milligrams respectively of 
solids and salts probably secreted in that time (columns 5 and 6). 
TABLE 1 


Analysis of saliva (dog 2) 


ESTIMATED TOTALS IN 
130 MINUTES 
DAY OF INORGANIC SALIVA IN 130 


y 
EXPERIMENT TOTAL SOLIDS SALTS MINUTES 


11 
13 
18 27 
20F | .33 
21 94 


F = Day of coli injection. 


As regards the total solids it will be seen that the saliva became 
more concentrated with each successive experiment of the first 
three in the normal series. Following this a comparatively con- 
stant composition was maintained until the coli injection, on which 
day a slight concentration is noted. However, the total volume of 
saliva was so much reduced on this day that the estimated total solids 
for the 130-minute period were considerably lower than during the ex- 
periment just previous. During the copious secretion of the day 
following fever the saliva was much more diluted. 

The inorganic salts exhibit roughly a parallelism with the total 
solids except that they are distinctly diminished on the Ist and 2nd 
days of fever. 


I rganic 
1 0.24 5.26 12.6 
4 0.79 0.29 11.01 87.0 31.9 
8 | See 0.21 11.01 122.2 23.3 
0.56 11.07 110.7 62.0 
0.42 11.40 123.1 17.9 
0.71 11.50 146.1 81.7 
0.53 | 9.82 130.6 52.0 
0.40 | 14.94 140.4 59.8 
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The data relative to the solid constituents are presented as a matter 
of record rather than a basis for final conclusions regarding changes 
in the composition of the saliva. 


CONCLUSIONS 


1. Salivary fistula dogs exhibit a gradually increasing sensitivity 
to pilocarpine during a series of repeated injections at intervals of 2 
or 3 days. In two dogs the secretion increased with each experiment 
until both the total for 2 hours and the figure for the maximum indi- 
vidual 5-minute period were more than doubled. 

2. This gradually increasing sensitivity to pilocarpine has not yet 


been explained. 

3. Salivary response to pilocarpine becomes diminished during the 
height of coli fever in dogs. This diminution occurs under conditions 
in which an abnormally high concentration of the blood is known to 
obtain. 

4. The depression of secretions during fever should probably be at- 
tributed rather to lack of available water than to “cloudy swelling” 
of the secretory glands. 
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According to Wooldridge (1), tissue fibrinogen forms part of the 
fibrin it produces by action on the blood. This view has not been 
generally accepted owing, in part at any rate, to a general neglect of 
Wooldridge’s work since that work and the ideas back of it were not in 
consonance with the current view of Schmidt (2) that clotting is due 
primarily to fibrin ferment or thrombin set free from the leucocytes on 
their disintegration. Morawitz (3) gave to tissue fibrinogen the name 
of thrombokinase to indicate his belief that it was an activator of 
thrombin. Fuld and Spiro (4) called it cytozym, supposing that it 
was an enzyme supplied by the tissues or leucocytes which served 
to activate prothrombin. The most recent view is found in the careful 
work of Howell (5) and his pupils that it removes or neutralizes in some 
way the antithrombin which is present in circulating blood. That 
these later conceptions are probably incorrect, or rather perhaps incom- 
plete, and that Wooldridge was correct, is indicated by what follows. 

That tissue fibrinogen clots blood in some other manner than throm- 
bin is supposed to do, is shown by its clotting both zn vivo and in vitro, 
whereas thrombin clots only in vitro This fact clearly indicates the 
importance of tissue fibrinogen in blood clotting as it normally occurs, 
that is, as the blood escapes from the vessels into the tissues. Wool- 
dridge found that the addition of tissue fibrinogen to plasma increased 
the yield of fibrin recovered therefrom, but he had not yet reached a 
clear picture of the nature of the process of clotting and was ignorant 
of the réle of calcium. Schmidt pointed out that the addition 
to plasma of the substance called by him paraglobulin increased the 
fibrin yield and he believed from this that paraglobulin played animpor- 


1 This work was financially aided by the U. 8S. Public Health Service and the 
Metropolitan Life Insurance Company, New York. 
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tant part in clotting, but subsequent work on the clotting of fibrinogen 
solutions in the absence of paraglobulin has caused the general neglect 
of the fact found by Schmidt. 

It has been shown by Mills (6) that the active tissue coagulant is a 
protein-phospholipin compound probably consisting of about thirteen 
phospholipin molecules united to one protein molecule. The protein 
part alone and the whole compound have the solubility of globulins and 
are negatively charged in neutral salt solution, where they exist prob- 
ably as sodium salts. It will be shown in the present report that when 
tissue fibrinogen is added to citrated plasma and clotting is then induced 
by calcium addition, tissue fibrinogen enters apparently without change 
into the fibrin formed and that only a part of the phospholipin of the 
added coagulant can thereafter be extracted from the fibrin, thus 
showing that the tissue fibrinogen is chemically bound. Analytical 
data will be presented to show that the missing phospholipin is present 
in the fibrin in a non-extractable form. It will also be shown that 
calcium is present in the fibrin in amounts varying somewhat with the 
composition of the fibrin. From these facts a diagram is given of the 
possible structure of fibrin molecules. 

1. Is the active coagulant a true tissue fibrinogen? A fibrinogen may 
be defined as any organic albuminous substance capable of entering 
directly into fibrin formation, and to be found in the fibrin produced. 
We will now present evidence that this tissue coagulant is a true fibrino- 
gen according to the above definition. 

In all the experiments which follow horse plasma was used. The 
blood was drawn directly into vessels containing sufficient potassium 
citrate to give a final concentration of 0.5 per cent, the corpuscles 
allowed to sediment in the ice box and the clear plasma used. Such 
plasma required 0.35 cc. of 1 per cent CaCl, solution for each 1 ce. of 
plasma in order to get the quickest possible clotting at 40°C. but we 
actually employed an equivalent amount of 5 per cent CaCl (7 ce. 
per 100 ee. plasma) to lessen the volume added. Citrate was used in 
preparing the plasma in the hope that there would be no calcium pre- 
cipitate in the fibrin except that of the fibrin molecule. 

The clots were allowed to stand at 40°C. for about 30 minutes after 
gelation to insure a completion of the process, and were then cut up 
with a knife and poured on large filters to drain. After standing in the 
ice box and draining off practically all the serum, the fibrins were 


thoroughly macerated on a fine steel screen with a steel spatula. These 
finely shredded fibrins, after washing with 0.9 per cent NaCl until free 
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from soluble proteins, and with distilled water until the washings were 
free from NaCl, were dried at 100°C. to a constant weight, and kept 
for analysis. 

All tissue extracts used were sedimented for at least 24 hours in the 
ice box at 2°C. before being used, so as to leave little chance for having 
present anything except dissolved substances or those in a very fine 
state of suspension. The tissue fibrinogen was prepared from calf 
lung except in a few instances which are noted. 

Some of the lung extracts were made from dried lung and others 
from fresh lung tissue as noted. In making the extracts from the 
dried lung (dried at room temperature) the lung was powdered and 
extracted with 0.9 per cent NaCl solution. To get an extract saturated 
with the lung proteins not over 4 cc. of the salt solution should be used 
for each gram of dried tissue. This gives a solution containing usually 
about 1.8 per cent of protein. With the fresh tissue about 2 ec. of salt 
solution for each gram of tissue yields a saturated extract. Such an 
extract of fresh lung contains about 2 per cent of protein. The fresh 
tissue was hashed in a meat grinder, ground well with sand in a mortar, 
the salt solution added and, after standing 10 to 30 minutes at room 
temperature, the extract was drained off through several layers of 
cheesecloth. After 24 hours sedimentation in cylinders at 2° to 3°C. 
these extracts showed little tendency to form further deposits. They 
were opalescent. 

The extracts actually used were generally approximately saturated, 
but being made in part from dried lung not always powdered to the 
same degree of fineness and in part from fresh lung, they contained 
varying amounts of protein. The amounts are specified in each case. 

We have found that lung extracts contain roughly four times as much 
globulin as albumin, that is, a saturated lung extract containing 2 per 
cent protein would contain 0.4 per cent albumin and 1.6 per cent 
globulin. As was pointed out in an earlier paper, the entire globulin 
fraction appears to be a single globulin, tissue fibrinogen. 

In the analytical work the following methods were used: 

For phosphorus: Pemberton-Neumann. 

For nitrogen: Arnold-Gunning Modification of the Kjeldahl. 

For calcium: The dried fibrins were first mixed with fusion mixture 
and ignited gently until white. The mass was then dissolved in 10 per 
cent HCl and Lyman’s method (7) for determining the calcium followed 
from that point. 

For phospholipin: Prolonged extraction with boiling 80 per cent 
and 95 per cent alcohol and absolute ether. 


i 
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In the following series of experiments about 700 cc. of plasma were 
used in each experiment; where the amount was different from this, the 


yield of fibrin has been computed by proportionality for 700 cc. plasma 
in table 1 to make comparison of yield of fibrin more easy. 

Inasmuch as the experiments consist in the comparison of the amounts 
of fibrin recovered from various samples of plasma with and without the 
addition of lung extract, the question arose as to the variation in 
amount of fibrin recoverable from the same sample of citrated horse 
plasma after standing for varying times. On testing this out it was 
found that the amount of fibrin yielded by such plasma varied widely, 
i.e., from 4.937 grams to 1.6975 gram for 700 cc. plasma, depending on 
the length of time the plasma was left standing in the ice box before 
using. There occurred a slow sedimentation, probably of the blood 
platelets or A-fibrinogen of Wooldridge, but there also took place in this 
layer of sediment a slow fibrin formation. After two weeks’ standing 
of plasma at 3°C. this layer in the bottom of the flask was typical 
fibrin, while the supernatant plasma showed a greatly diminished fibrin 
yield on clotting by calcium addition. It is probable that the fibrin 
formation was caused by the presence of a slight amount of 
ionized calcium, the citrate being less effective in binding the calcium 
than is oxalate. No such fibrin formation takes place in plasma con- 
taining 0.5 per cent oxalate. 

Inasmuch as the amount of fibrin varied so widely depending on the 
age of the citrated plasma, it was necessary in the following experi- 
ments to compare always the yield of fibrin under different conditions 
in a single sample of plasma. In this manner the variations were not of 
importance in interpreting the results, since controls were run for each 
series of experiments, and each series represents experiments carried 
out simultaneously. That the method of fibrin determination is 
accurate to within 1 per cent is shown by series G. 

In series A the plasma stood 3 days before using; in series B, 5 days; 
in series C, 4 days; in series D, 3 days; in series E and F, about 10 days; 
in series G, about 2 weeks; and in series H, 1 day. 

The first experiments, series A, 1, 2 and 3, show the great increase in 
fibrin yield produced by adding varying quantities of the extract of 
fresh lung tissue. Thus in experiment 1,700 cc. plasma yielded without 
addition 4.116 grams fibrin; in experiment 2, in which 60 ce. fresh 
lung extract had been added to 700 cc. plasma, 4.502 grams fibrin were 
obtained; in experiment 3, the addition of 700 cc. of the same lung 
extract caused an increase of yield of the fibrin to 6.769 grams, an in- 
crease of 64.6 per cent. 
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The addition then of tissue fibrinogen (lung extract) to the plasma 
yielded a much firmer clot and a great increase in the amount of fibrin, 
the increases in later experiments varying up to 152 per cent, depending 
on the freshness of the lung tissue used and the concentration of the 
active substance in the plasma. 


Series A: Experiment 1. Seven hundred cubic centimeters plasma + 700 
ec. 0.9 per cent NaCl + 49 ec. 5 per cent CaCl: Clotted in 4 minutes at 40° C. 
Normal control for fibrin yield from plasma. Weight of washed fibrin obtained: 
4.116 grams. 

Phospholipin extractable from this fibrin.......... ..2.38 per cent 
Phosphorus content after phospholipin extraction.. .. 0.127 per cent 
Calcium content before phospholipin extraction ........0.126 per cent 

Experiment 2. Seven hundred cubic centimeters plasma + 60 cc. lung extract 
(made from fresh lung and containing 1.7 per cent proteins ) + 640 cc. 0.9 per cent 
NaCl + 49 ec. 5 per cent CaCle. Clotted in 10 seconds at 40°C. 

Weight of washed fibrin obtained...... 4.502 grams 

Increase in fibrin yield above normal...... eevee e938 per cent 
Phospholipin extractable from fibrin....................4.37 per cent 
Phosphorus content after phospholipin extraction........ 0.154 per cent 
Calcium content before phospholipin extraction 0.186 per cent 

Experiment 3. Seven hundred cubic centimeters plasma + 700 cc. lung 
extract (same as used in experiment 2) + 49 ce. 5 per cent CaCl. Clotted in 10 
seconds at 40°C. 

Weight of washed fibrin obtained................... 6.769 grams 

Increase in fibrin yield above normal................ 64.46 per cent 
Phospholipin extractable from fibrin................ 12.48 per cent 
Phosphorus content after phospholipin extraction... . 0.493 per cent 
Calcium content before phospholipin extraction...... 0.121 per cent 


In order to discover whether the power of the extract to increase 
fibrin yield was dependent on the amount of phospholipin-protein 
compound present, or whether the protein without the phospholipin 
had the same power, experiment 4 was tried In this experiment the 
dried lung tissue had been partially extracted with benzene before 
extraction with NaCl so as to remove some of the phospholipin. In 
this case 5.273 grams fibrin were obtained, an increase of only 28.11 
per cent as compared with 64.46 per cent in experiment 3, but the pro- 
tein solution added was less than half as concentrated. The amount of 
protein added, however, was five times that in experiment 2, but the 


yield was increased only 23 times. 


Experiment 4. Seven hundred cubic centimeters plasma + 700 ec. lung extract 
(described below) + 49 cc. 5 per cent CaCh. Clotted in 6} minutes at 40°C, 
Weight of washed fibrin obtained........................ 5.273 grams 
Increase in fibrin yield above normal...................28.11 per cent 


Phospholipin extractable from fibrin..................6.22 per cent 
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The lung extract used in experiment 4 was made from lung tissue 
from which the phospholipin had been partially exhausted as follows: 
Calf lung tissue, dried at room temperature and powdered, was treated 
with benzene at room temperature (200 cc. benzene for 100 grams 
dried lung) for about 2 minutes. It was then freed from benzene and 
extracted with 0.9 per cent NaCl and the extract sedimented. The 
extract after sedimentation contained 0.7 per cent proteins. Such 
brief benzene extraction removed about 4.8 per cent of phospholipins, 
so that, whereas the dried lung tissue formerly contained 22.82 per 
cent phospholipin, it now had only 18.00 per cent. It will be shown 
in a separate paper on anticoagulants that this 4.8 per cent phospholipin 
comes mostly from the tissue fibrinogen of the lung tissue, the phos- 
pholipin of the remainder of the lung coming off with much greater 
difficulty. Thus extraction with benzene at room temperature for 
days cannot reduce the phospholipin content of the dried lung below 
about 15 per cent. 

Since this experiment showed that removal of a portion of the phos- 
pholipin from tissue fibrinogen markedly reduced its power of entering 
into fibrin formation, experiment 5 was tried in which the phospholipin 
was more thoroughly extracted from dried lung tissue by benzene. The 
yield of fibrin (exper. 5) was now reduced to only 4.314 grams or 4.81 


per cent increase in place of 28.11 per cent above, although the amount 
of protein added was almost twice that in experiment 4. 


Experiment §. Seven hundred cubic centimeter plasma + 700 cc. lung extract 
made as indicated below + 49 cc. 5 per cent CaCl. Clotted in 30 minutes at 
40°C. 

Weight of washed fibrin obtained patted 4.314 grams 
Increase in fibrin yield over normal Oy ... 4.81 percent 
Phospholipin extractable from fibrin paaaaheeas . 3.14 percent 

The lung extract used was made from lung tissue extracted with benzene at 
room temperature for 4 days, with change of the benzene 2 or 3 times a day. 
Such extraction reduced the phospholipin content of the lung tissue from 22.82 
per cent to 15.27 per cent. The saline extract used above contained 1.33 per cent 
protein. 


Finally the dried lung was completely extracted with benzene as in 
experiment 5, and then the phospholipin protein compound remaining 
in the saline extract of the defatted lung was removed by careful pre- 
cipitation with N/2 H.SO,, leaving the protein free from phospholipin 
in solution. This extract was then added and although it contained 
0.7 per cent protein, approximately the same as experiment 4, it no 
longer caused coagulation of blood, but inhibited it (exper. 6). The 
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fibrin yield after several days standing was so small as to be negligible. 
The fibrinogen remained unaltered in the solution and could be clotted 
by addition of active lung extract. 


Experiment 6. Three hundred cubic centimeters plasma + 300 ec. lung extract 
(described below) + 21 cc. 5 per cent CaCh. 

Only a fine fibrin network present after several days’ standing. It was possible 
to induce clotting by addition of active lung extract. 

The lung extract used above was made by taking the saline extract of benzene 
extracted lung, such as was used in experiment 5, and adding N /2H.SO, to give 
a calculated concentration af about N/500. A portion of the globulin content 
of the extract precipitated at this point. This precipitated material contained 
about 13 per cent phospholipin, instead of the 41.6 per cent normally present 
in a precipitate obtained in a similar manner from active lung extracts. The 
solution remaining after removal of this precipitate contained 0.7 per cent pro- 
tein, about half of which was globulin containing less than 1 per cent phospholipin. 
This globulin represented the active anticoagulant, or the part of the tissue 
fibrogen from which the phospholipin was most completely removed by the ben- 
zene extraction. 


This series of experiments demonstrates two points: First, whereas 
a relatively small amount of lung extract will produce a maximal 
acceleration of the clotting process (exper. 2), the increase in the fibrin 
yield over normal is far less than when a larger amount of lung extract 
is used (9.38 per cent fibrin increase in exper. 2, as contrasted with 64.46 
per cent increase in exper. 3). Second, partial removal of the phospho- 
lipin from the tissue fibrinogen by benzene, which leaves the protein as 
soluble as before (the difference in concentration of the extracts being 
due to alteration in fineness of the pulverized material and to variation 
in length of time of extraction), causes the lung extract to be much less 
effective in increasing the fibrin yield of a plasma, and causes the 
clotting time to be lengthened beyond normal. If the tissue fibrinogen 
still containing phospholipin in these extracts be removed by acid 
precipitation, then the remaining solution is so strongly antithrombic as 
almost entirely to inhibit fibrin formation in the recalcified plasma. 
It is possible to fraction this antithrombin solution and get a product 
which greatly delays fibrin formation, only a small amount of the fibrino- 


gen being changed to fibrin after several days’ standing. The anti- 
coagulant action of this protein is considered in a forthcoming paper. 

It is interesting to compare the increase in weight of the fibrin ob- 
tained with the amount of tissue fibrinogen added. Thus in experiment 
2, series A, the actual increase obtained was 0.386 gram. There were 


added 60 ce. lung extract containing 17 per cent protein or 1.02 gram 
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protein of which about 0.8 gram was tissue fibrinogen. Of the total 
fibrinogen added 0.386 gram reappeared in the fibrin or 47 per cent of 
that added. In experiment 3, series A, there were added roughly 12 
times as much tissue fibrinogen or about 9.6 per cent grams. The 
increase in fibrin was 2.653 grams or roughly a sevenfold increase in the 
amount of tissue fibrinogen bound in the fibrin. Since this tissue 
extract was made by simple salt extract of fresh lung tissue it con- 
tained albumins, approximately 20 per cent of the proteins, as well as 
tissue fibrinogen, the latter comprising its entire globulin content. It 
is clear that a considerable proportion of the tissue fibrinogen went into 
the fibrin either by a chemical or physical union during the clotting. 

A second series of experiments (series B) similar to those of series A 
was now tried and very similar results were obtained, but in experi- 
ment 3 the increase in fibrin yielded was even higher than before and 
amounted to 80.9 per cent. 


Series B: Experiment 1. One thousand cubic centimeters plasma + 1000 cc. 
0.9 per cent NaCl + 70 cc. 5 percent CaCh. Clotted in 4 minutes at 40°C. Nor- 
mal control for fibrin yield. 

Weight of fibrin obtained ...5.348 grams 

Phospholipin extractable from fibrin 0.57 per cent 
Phosphorus content after phospholipin extraction 0.09 per cent 
Calcium content before phospholipin extraction 0.125 per cent 

Experiment 2. Fifteen hundred cubie centimeter plasma + 1500 cc. lung 
extract (made from fresh lung tissue and containing 2.0 per cent proteins) + 1350 
cc. 0.9 per cent NaCl + 105 ee. 5 per cent CaCl. Clotted in 15 seconds at 40°C. 

Weight of fibrin obtained..... cade 8.656 grams 

Increase in fibrin yield over normal. eee 7.9 per cent 
Phospholipin extractable from fibrin...................2.91 per cent 
Phosphorus content after phospholipin extraction 0.161 per cent 
Calcium content after phospholipin extraction .....0.116 per cent 

In this experiment the minimum amount of lung extract capable of producing 
maximal acceleration of clotting was used, and an increase of 7.9 per cent in the 
fibrin yield obtained as against 9.38 per cent increase in experiment 2 of series A. 

Experiment 3. Five hundred cubic centimeters plasma + 500 cc. lung extract 
(same as used in experiment 2 above) + 35 cc. 5 per cent CaCle. Clotted in 15 
seconds at 40°C 

Weight of fibrin obtained 4.8375 grams 
Increase in fibrin yield over 80.9 per cent 
Phospholipin extractable from fibrin ..17.55 per cent 
Phosphorus content after phospholipin extraction..... 0.383 per cent 
Calcium content before phospholipin extraction. ..... 0.141 per cent 


Although Mills has stated in a previous paper (6) that the albumins 
of tissue extracts are inactive as regards blood clotting, we thought it 
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best to insert another series of experiments to prove beyond doubt that 
these fibrin increases are not due to the albumin content of the extracts 
but only to the globulin content, i.e., tissue fibrinogen. The following 
series (series C) proves these points. None of the fibrins of this series 
have been analyzed as yet. 


Series C: Experiment 1. Six hundred cubic centimeters plasma + 600 ec. 0.9 
per cent NaCl + 42 cc. 5 percent CaCl. Clotted in 2 minutes 50 seconds at 41°C. 
Normal control for fibrin yield. 
Weight of fibrin obtained 2.2750 grams 
Experiment 2. Three hundred cubic centimeters plasma + 300 ec. lung extract 
(made from fresh calf lung and containing 1.8 per cent coagulable protein) + 21 
ec. 5 per cent CaCl. Clotted in 10 seconds at 37°C. 
Weight of fibrin obtained 2.3470 grams 
Increase in fibrin yield over normal . : 106.3 per cent 
Experiment 3. Three hundred cubic centimeters plasma + 300 cc. pure coagu- 
lant (as described below) + 21 cc. 5percent CaCh. Clotted in 10 seconds at 35°C. 
Weight of fibrin obtained.. sees. 2.9425 grams 
Increase in fibrin yield over normal — .158.7 per cent 
The pure coagulant solution contained 1.23 per cent coagulable protein and 
was made as follows: a portion of the same lung extract as was used in experiment 
2 was diluted with an equal volume of distilled water and precipitated by adding 
N /2 H2SO, in proper amount. The precipitate was collected and washed in 
distilled water by sedimenting and decanting until all soluble albumins were 
removed. The precipitate was then dissolved in 0.9 per cent NaCl solution with 
the aid of N /2 NaOH sufficient to give a calculated strength of N /500. 


It is seen from the above data that this preparation retains its acceler- 
ating action on clotting and gives a still greater increase in the fibrin 
yield than did the original lung extract although the concentration of 


tissue fibrinogen in the two solutions probably differed by less than 0.2 


per cent. Out of 3.69 grams of pure coagulant used in experiment 3, 
1.805 gram, or bout 50 per cent, was bound in the fibrin, while in experi- 
ment 2 only 1.2095 grams out of 5.4 grams of protein of lung extract 
were so bound. 


Experiment 4. Two hundred cubic centimeter plasma + 200 cc. albumins of 
lung extract (containing 0.464 per cent coag. protein ) + 14 ce. 5 per cent CaCl. 
Clotted in 3 minutes at 37°C. 

Weight of fibrin obtained. ; ; 0.6910 gram 

The albumin solution used was made by removing the globulin from lung 
extract by half saturation with (NH,)2 SO,, then obtaining the albumins by 
complete saturation, redissolving the albumins in water and dialyzing till free 
from (NH,)2SO,. Dialysis is necessary, as the amount of sulphate present retards 
clotting to a marked degree. 


= 
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It is seen here that the albumins alone have practically no effect on 
the speed of clotting. The fibrin yield is even a little less than normal; 
thus the normal yield was 0.3791 gram per 100 cc. plasma, while the 
yield here was only 0.3455 gram per 100 ec. plasma. 

This series of experiments demonstrates clearly that the tissue 
fibringen, and that alone, enters into the fibrin formation, the albumins 
being totally inactive in this respect. 

Having thus shown that tissue fibrinogen enormously increases the 
amount of fibrin, the question arises as to how it does so. The first 
suggestion is, of course, that it is simply entangled in the clot mechani- 
cally. The particles of tissue fibrinogen must be quite large even for 
colloids. Thus the solution even after sedimentation is opalescent 
and on filtering quickly clogs a filter, even a rather coarse one. It 
-annot be filtered through abougie. This clogging may not be mechani- 
cal. It is quite possible that union occurs between the paper or the 
bougie, both of which are electro-negative, and the calcium or some 
other polyvalent electro-positive part of the tissue fibrinogen helps 
hold the latter in the filter. But in spite of this possibility certainly 
the first suggestion occurring to one is that the union is purely mechanical 
with the fibrin. Were this the case it ought to be possible to dissolve 
it out readily from the clot with salt solution, since it is easily, quickly 
and completely removed from dried lung tissue in this way, and also the 
phospholipin ought to be as readily and completely removable as it is 
from the dried tissue fibrinogen. The fact that it cannot be washed 
out with salt solution from the fibrin, and that a portion of the phos- 
pholipin cannot be extracted even on prolonged boiling with alcohol, 
as will be shown in a moment, indicates pretty plainly that the tissue 
fibrinogen is not simply mechanically entangled butisfirmly chemically 
bound in the fibrin. 

However, before taking this up, we tried first some experiments with 
other inert colloidal dispersions which were certainly as coarse as tissue 
fibrinogen, to see if they would similarly increase the weight of fibrin. 
The first which we tried was starch solution 0.4 per cent. It will be 
observed, series D, experiment 2, that the addition of an equal quantity 
of 0.4 per cent boiled starch solution only increased the fibrin yield 
3.66 per cent, as contrasted with a 28 to 80 per cent increase when an 
equal volume of tissue fibrinogen solution was added. As the starch 
paste is only 0.2 per cent as contrasted with 1.0 per cent for the tissue 
extract in experiment 3, a better comparison is made with experiment 2, 
series A. Here the concentration of tissue fibrinogen in the final mix- 
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ture was only about 0.05 per cent yet the increase in fibrin was over 
9 per cent. While, therefore, a small part of the increase might be due 
to the impossibility of washing out the tissue fibrinogen, vet the experi- 
ment indicates that the greater part of the increase is due to something 
else than mechanical entanglement. 


Series D: Experiment 1. Seven hundredcubie centimeters plasma + 700 cc. 
0.9 per cent NaCl + 49 ec. 5 per cent CaCl, Clotted in 4 minutes at 40°C 
Weight of fibrin obtained. . 1.146 grams 


Phospholipin extractable from fibrin 3.00 per cent 
Phosphorus content after phospholipin extraction 0.127 per cent 
Calcium content after phospholipin extraction........0.130 per cent 
Experiment 2. Four hundred cubic centimeters plasma + 400 ce. 0.4 per cent 
starch paste (well boiled) + 28 ec. 5 percent CaCl. Clotted in4 minutes at 40°C 
Weight of fibrin obtained............ SoG ..2.456 grams 
Increase in fibrin yield over normal....... ....3.66 per cent 

Eighty-seven thousandth gram of starch, out of the 1.6 grams added, was bound 
in the fibrin. This experiment was inserted in order to test the effectiveness of 
our washing of the fibrins. It is seen here that inert suspended particles are not 
held in the fibrin to any great extent, even where the particles are so large as these 
of starch. 

Experiment 3. Seven hundred cubic centimeters plasma + 700 cc. lung extract 
(made from dried lung several weeks after drying, and containing 2.09 per cent 
proteins) + 49 cc. 5 per cent CaCh. Clotted in 20 seconds at 40°C. 

Weight of fibrin obtained................... 6.1675 grams 

Increase in fibrin yield over normal....................48. per cent 
Phospholipin extractable from fibrin........ eve per cent 
Phosphorus content after phospholipin extraction....... .0 per cent 
Calcium content after phospholipin extraction. . ...0.133 per cent 


We next tried the effect of another tissue extract, namely liver extract. 
The results show that this extract also increases the yield but not more 
than lung extract although it contains nearly three times as much 
protein. 


Series E: Experiment 1. Four hundred cubic centimeters plasma + 400 cc 
0.9 per cent NaCl + 28 ce. 5 per cent CaCls. Clotted in 4 minutes at 40°C. 

Normal control for fibrin yield: 

Weight of fibrin obtained... 1.4387 grams 
No analysis of this fibrin. 

Experiment 2. Four hundred cubic centimeters plasma + 400 cc. liver extract 
(made from fresh calf liver and containing 5.9 per cent proteins) + 28 cc. 5 per 
cent CaCl. Clotted in 3 minutes 45 seconds at 40°C. 

Weight of fibrin obtained , 
Increase in fibrin yield over normal 

Weight of liver proteins bound in fibrin: 1.0546 grams or 4.74 per cent of the 

total proteins of the liver extract 


4933 grams 


2 
73.2 per cent 
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Experiment 3. Three hundred cubic centimeters plasma + 300 cc. lung extract 
(made from fresh calf lung and containing 1.82 per cent proteins )+ 21 cc. 5 per 
cent CaCl. Clotted in 50 seconds at 40°C. 

Weight of fibrin obtained 2.720 grams 
Increase in fibrin yield over normal 52. per cent 

Weight of lung proteins bound in fibrin: 1.641 grams or 30.1 per cent of the total 

proteins of the lung extract. 


This series demonstrates the effects of liver and lung extract in increas- 
ing the fibrin yield from a given plasma. Liver extract has only a slight 
accelerating action on clotting as contrasted to the effect of lung ex- 
tract. Although the liver extract was more than 3 times as rich in 
proteins as the lung extract, still it increased the fibrin yield less than 
half as much (73.2 per cent increase from liver extract, and 152.1 per 
cent from the lung extract). Thirty and one-tenth per cent of the pro- 
teins of lung extract were bound in the fibrin, as contrasted with 4.47 per 
cent of the proteins of the liver extract. So far as precipitation reac- 
tions and appearances go, the globulin fractions of the two extracts 
are exactly alike, but the phospholipins extractable from these two 
globulins are very different in nature. The phospholipin from the lung 
globulin is a reddish brown substance, very hygroscopic, and very 
readily emulsified in water. That from the liver globulin is more 
yellowish in nature, much less hygroscopic, and almost impossible to 
emulsify in water. The protein fractions of the two globulins are 
alike in that they both strongly inhibit blood clotting in vitro or in vivo, 
and may be made to accelerate normal clotting by being joined to lung 
cephalin. 

The differences noted in this series in regard to the fibrin yields re- 
sulting from use of liver and lung extracts are probably due to a differ- 
ence in the nature of the phospholipins. This would certainly indicate 
that a direct chemical union is occurring in the fibrin formation and 
that the phospholipin is intimately concerned in that union. 

Still more evidence that the increase of yield is due to chemical 
union was obtained by studying the increase due to the addition to the 
plasma of a boiled egg albumin suspension, egg white solution and 
gelatin (series F and G). While a decided increase (39.5 per cent) was 
obtained with the boiled egg white it was only about half as great as 
with a corresponding lung extract of the same protein content, and the 
unboiled egg white gives only a small increase (4.9 per cent) as con- 
trasted with 60 to 70 per cent in the tissue fibrinogen. Moreover the 
precipitated coagulated egg white may be bound chemically in the 
fibrin also since it too is electro-negative and is easily precipitated by 
calcium. 
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In the case of gelatin, none was held in the fibrin clot so firmly that 
it could not be readily washed out. 

Now tissue fibrinogen is very readily soluble in salt solution, just 
as is gelatin, and were it simply entangled it ought to be as easily 
removed. 


Series F: Experiment 1. Four hundred cubic centimeters plasma + 400 cc. 
0.9 per cent NaCl + 28 ec. 5 per cent CaCl,.. Clotted in 3 minutes 50 seconds at 
40°C. 

Normal control for fibrin yield. 
Weight of fibrin obtained........ ; 1.5705 grams 

Experiment 2. Three hundred cubic centimeters plasma + 300 ce. egg albumin 
suspension + 21 cc. 5 per cent CaCl,. Clotted in 3 minutes 10 seconds at 40°C, 

Weight of fibrin obtained.......... ; = 1.6445 grams 
Increase in fibrin yield over normal é 39.5 per cent 

The egg albumin suspension used was made by diluting fresh egg white with 
5 times its volume of distilled water, stirring well, filtering, and boiling without 
stirring. This gave a milky suspension of the egg albumin, showing no sediment 
on 24 hours’ standing, and being non-filterable through filter paper. It contained 
2.12 per cent protein. 


Of the 6.36 grams of suspended protein present here at the time of 
clotting, 0.4666 gram, or 7.33 per cent, was bound in the fibrin. This 


may be contrasted with the experiments where lung extract was used, 
in which usually about 30 per cent of the proteins of the extract were 
bound in the fibrin. 


Series G: Experiment 1. Two hundred cubic centimeters plasma + 200 ce. 
0.9 per cent NaCl + 14 ee. 5 per cent CaCl,. Clotted in 5 minutes at 40°C. 
Normal control for fibrin yield. 
Weight of fibrin obtained.............. 0.4895 gram 
Experiment 2. Twohundred cubic centimeters plasma + 200cc. 0.9 per cent 
NaCl + 14 ce. 5 percent CaCl. Clotted in 5 minutes at 40°C. 
Normal control for fibrin yield. 
Weight of fibrin obtained.. ..0.4849 gram 
Experiment 3. One hundred cubic centimeters plasma + 100 ec. egg white 
solution (described below) +7 ce. 5 percent CaCl. Clotted in 4 minutes at 42°C, 
Weight of fibrin obtained... ..0.2555 gram 
Increase in fibrin yield over normal 4.9 per cent 
The egg white solution was made by mixing fresh egg white with 4 volumes of 
distilled water and filtering. It contained 2.6 per cent protein. About 4.6 per 
cent of this protein was bound in the fibrin formed. 
Experiment 4. Two hundred cubic centimeter plasma + 200 ec. 2 per cent 
gelatin solution + 14 cc. 5 per cent CaCl,. Clotted in 5 minutes at 42°C. 
Weight of fibrin obtained... 0.4885 gram 
Apparently none of the gelatin was bound in the fibrin. 


A 
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This series shows, first, that the method of washing and obtaining the 
fibrin is accurate to within 1 per cent (expers. 1 and 2); and second, 
that protein solutions of about the same concentration as the tissue ex- 
tracts used have little or no influence on the fibrin yield from a given 
plasma. Thus the fibrin yield in experiment 4 fell between the two 
normal controls, while experiment 3 with the egg white solution showed 
4.9 per cent more fibrin than the higher one of the two normals. We 
conclude that the addition of other soluble proteins, such as fresh egg 
white and gelatin, to the plasma does not noticeably increase the fibrin 
yield. 

Addition of non-filterable suspensions of inert insoluble substances, 
such as boiled diluted egg white and starch paste, causes some increase 
in the fibrin yield probably due to difficulty of washing the particles 
out, but the percentage of the total added material that is held in the 
fibrin is very much less than the percentage of the proteins of lung 
extract similarly bound. Thus 5.43 per cent of the added starch 
paste was held in the fibrin; 7.33 per cent of the boiled diluted egg 
white; and 30 per cent of the proteins of lung extract. 

If the tissue extract is relatively inactive in accelerating coagulation 
it gives also a corresponding smaller increase in fibrin. Liver extract 
had 4.47 per cent of its protein content bound in the fibrin, giving : 
73.2 per cent increase in the fibrin yield with a slight acceleration in 
time, while the lung extract had 30 per cent of its proteins bound and 
gave an increase of 152.1 per cent in the fibrin yield with a tremendous 
acceleration in rate (series E). 

These facts clearly indicate that the active coagulant of lung extract 
enters chemically into fibrin formation rather than that it is merely 
held mechanically. This being the case, the substance may truly be 
-alled a fibrinogen, and it was therefore rightly named “‘tissue fibrino- 
gen’? many years ago by Wooldridge. 

2. Part of the phospholipin of the added tissue fibrinogen is bound in 
the fibrin in a non-extractable form. If the tissue fibrinogen were held 
in the fibrin only mechanically, it should be possible to extract its whole 
phospholipin content, since before union with blood fibrinogen the phos- 
pholipin may be removed from it very readily by lipoid solvents. It 
was found, however, that in every case only a part of the phospholipin 
calculated from the gain of weight as being present in the fibrin, could 
be extracted even on prolonged treatment with boiling 80 per cent and 
95 per cent alcohol and absolute ether. The values for the ‘‘ calculated 
phospholipin” percentage in the fibrins were obtained by taking 41.6 
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per cent of the increase in fibrin weight, adding to this the weight of 
phospholipin to be extracted from the normal fibrin, and dividing this 
weight of phospholipin by the total fibrin weight. It was shown in a 
previous paper (6) that the purified coagulant contains 41.6 per cent 
phospholipin. 

The following experiments (series H).show the analyses of fibrinogen 
and of fibrin after varying proportions of tissue fibrinogen have been 
added. 


Series H: Experiment 1. Several grams of blood fibrindgen were prepared for 
analysis by adding to citrated horse plasma an equal volume of saturated NaCl 
solution, redissolving the precipitate in distilled water and reprecipitating twice, 
washing in } saturated NaCl solution several times, and finally freeing from salt 
by coagulating by boiling and washing in distilled water. 

This fibrinogen yielded 0.71 per cent phospholipin; after extraction it still 
contained 0.112 per cent P and 0.092 percent Ca.. Nitrogen content before extrac- 
tion was 16.54 per cent, and afterwards was 16.62 per cent. 

Experiment 2. Eight hundred cubic centimeters plasma + 800 ec. 0.9 per cent 
NaCl + 56 cc. 5 per cent CaCl, Clotted in 3 minutes at 42°C. (Control for 
fibrin yield.) 


Weight of fibrin obtained........... .5.642 grams 

Phospholipin extractable from fibrin.... 1.72 per cent 
Phosphorus content after phospholipin extraction 0.127 per cent 
Calcium content before phospholipin extraction 0.129 per cent 
Nitrogen content before phospholipin extraction 15.74 per cent 
Nitrogen content after phospholipin extraction 16.14 per cent 


Experiment 3. Eight hundred cubic centimeters plasma + 800 ec. lung extract 
2.06 per cent protein) + 56 cc. 5 per cent CaCl, Clotted in 23 seconds at 42°C. 


Weight of fibrin obtained .... 7.652 grams 

Increase in fibrin yield over normal 34.03 per cent 
Phospholipin extractable from fibrin 7.50 per cent 
Phosphorus content after phospholipin extraction 0.209 per cent 
Caleium content before phospholipin extraction 0.120 per cent 
Nitrogen content before phospheclipin extraction 15.18 per cent 
Nitrogen content after phospholipin extraction 15.76 per cent 


The lung extract used in this experiment was made from dried calf lung that 
had stood in the laboratory for several weeks and so had lost considerable of its 
activity. Thus clotting occurred after 23 seconds as contrasted with 10 seconds 
in series A, and the fibrin yield was increased here only 34.03 per cent. 


This series was carried out in order to get fibrinogen, normal fibrin, 


and fibrin containing tissue fibrinogen, all from the same sample of 
plasma, for analysis and comparison. The results of all the analyses 
will be found summarized in table 1. 


WEIGHT 
OF 
FIBRIN 


EXPERI- 
MENT 
NUMBER 


SERIES 


grams 
4.116 
502 


769 


.243 


4.314 


3.744 
.040 


9.773 


2.604 
476 
). 865 
2.419 


4.146 
298 


168 


2.518 
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Results of fibrin 


TABLE 1 


WEIGHT 
OF 
FIBRIN 
IN- 
CREASE 


grams 


0.386 
2.653 


.198 


FIBRIN 
IN- 
CREASE 


CALCULATED PHOS- 
PHOLIPIN 


per cent | per cent 


5.95 
18.69 


3.86 
19.17 


16.64 


analyses 


PHOSPHOLIPIN 


EXTRACTABLE 


per cent |per cen 
2.38 
4.37 
12.48 
6.22 
3.14 
0.57 
2.91 


17.55 


3.00 


14.77 


per 


0 


0. 
0. 


That the missing phospholipin is present in the fibrin 


is evident from the following facts: 


0.126 
0.186 
0.121 


0.130 


0.133 


0.092 
0.129 
0.120 


in a firm union 
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PHOSPHORUS CALCIUM 
cent) per centiper cent 
A 3 | 7 a 64.46 193 
4 28.11 
5 4.81 
1 || 0.09 | 0.125 
B 2 0.296 7.90 | 0.161 0.116 
3 3.029 | 80.90 0.383) 0.141 
1 
Pa 2 2.872 | 106.3 
3 4.261 | 158.7 
1 | 0.127 
D 2 0.152 3.66 
3 | 2.022 | 48.80 | | 0.206 
E 2 6.349 | 3.829 {152.10 
3 4.363 | 1.843 | 73.20 
F 1 2.748 
|} 2 3.837 | 1.089 | 39.50 
| 1 1.713 
G 2 1.698 0.177 
3 1.788 | 0.075 | 4. 90 
4 1.710 
1 0.71 0.112 
H 2 4.937 Ree 0.127 
3 6.617 | 1.680 | 34.03 | 12.28 7.50 0.209 
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1. Nitrogen determinations (Arnold-Gunning modification of Kjel- 
dahl method) before and after phospholipin extraction by boiling 


alcohol, ether, ete., gave these results in series H: 


NITROGEN NITROGEN 
BEFORE AFTER 
EXTRACTION EXTRACTION 


per cent 
Exper. 1. Fibrinogen 16.54 
Exper. 2. Normal fibrin 15.74 
Exper. 3. Fibrin with 34 per cent increase due 

sue fibrinogen 15.18 15.76 

Hammarsten (8) gives 16.68 per cent N for pure fibrinogen free 
of lipoids, which agrees with our first determination. Normal fibrin 
apparently contains some non-protein material in non-extractable 
form, since its N is.still below that of fibrinogen, while the fibrin con- 
taining considerable tissue fibrinogen shows still more non-protein 
material not extractable as lipoid. It has been shown previously (6) 
that tissue fibrinogen contains 10.7 per cent N before phospholipin 
extraction and 16.06 per cent N afterwards. If all the phospholipin 
of the added material were extractable, the nitrogen percentage of the 
fibrin should be between 16.06 and 16.62 per cent. 

2. Phosphorus determinations (Pemberton-Neumann method) on 
fibrins after phospholipin extraction show the presence of more phos- 
phorus in the fibrins containing the tissue fibrinogen than in normal 
fibrin. Thus, normal fibrin after alcohol and ether extraction still 
contains about 0.127 per cent P., which is a little higher than fibrinogen; 
while fibrins containing tissue fibrinogen show 0.209 per cent to 0.493 
per cent P, depending on the amount of the fibrin increase. In experi- 
ment 3 of series A, calculation of the phosphorus in the added 64.96 
per cent of tissue fibrinogen and deduction from this of the phosphorus 
in the 12.48 per cent phospholipin extracted, gives 0.371 per cent P in 
the fibrin, contributed by the added tissue material. If we add to this 
the fixed phosphorus content of the normal fibrin, 0.127 per cent, the 
result is 0.498 per cent P, which agrees with the actual finding of 0.493 
per cent P. 

It certainly seems evident, then, that the entire amount of non- 
extractable phospholipin can be accounted for by the phosphorus 


‘ 


determinations. These findings also furnish evidence that it is the entire 
tissue fibrinogen molecule that enters into the fibrin formation and not 


| 
| 
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the phospholipin alone and that little else of the added tissue extract 
could possibly be concerned. 

3. Further proof that there is some phospholipin in the fibrin in a 
non-extractable form is supplied by extraction of such fibrins following 
digestion by lipase-free trypsin solutions. Considerable additional 
phospholipin may be extracted following such digestion, but the experi- 
ment has not as yet been sufficiently controlled to supply exact data. 
The results will be given later. 

The evidence appears to the writers to be conclusive that in the union 
of tissue fibrinogen to blood fibrinogen, a certain amount of the phos- 
pholipin of the tissue fibrinogen is bound in the fibrin in a non-extract- 
able form. ~It is difficult to see how this could be brought about unless 
the phospholipin had taken on an additional point of attachment to 
hold it more firmly in the fibrin molecule, this new attachment probably 
being to the blood fibrinogen, directly or indirectly. This impossibility 
of extraction of the phospholipins even by boiling ‘alcohol is the more 
striking when it is remembered that the phospholipin may be extracted 
from the tissue fibrinogen alone with great ease and even by the use of 
benzene at room temperature. 

3. How are tissue and blood fibrinogen united in fibrin formation? Cal- 
cium percentages. It being apparent that a chemical union does take 


place between tissue and blood fibrinogen during clotting—and only 
then—the question arises as to the nature of this union. Again certain 


facts must be borne in mind: 

1. Both tissue and blood fibrinogen are electro-negative in neutral 
solution, as is readily shown by cataphoresis experiments. 

2. Calcium is necessary for the clotting process as here carried out, 
and enters into the fibrin in definite amounts. (It will be noted that 
these analyses do not deal with fibrin formed from the action of purified 
thrombin on purified fibrinogen. Free calcium is apparently not 
necessary for such clotting, the Ca already present probably being 
sufficient.) 

3. In the union of the two fibrinogens a part of the phospholipin of 
the tissue fibrinogen is firmly bound in the fibrin in a non-extractable 
form. 

4. Removal of the phospholipin from the tissue fibrinogen in a 
manner to leave the protein part soluble destroys its thromboplastic 
power and instead it becomes strongly anticoagulant in action, and pre- 
vents the union of the tissue substance with blood fibrinogen in fibrin 
formation (series A, exper. 6). 
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From the above stated facts, the authors infer that the fibrin mole- 
cule is probably formed by a union of the tissue and blood fibrinogens, 
the union possibly being between the phospholipin of the tissue fibrino- 
gen and an acid group of the blood fibrinogen. 

This union of the two fibrinogens is probably brought about by the 
replacement of the H* ion (or Na* ion if they exist as salts) of the phos- 
pholipin and of the blood fibrinogen by a Ca** ion, the resulting com- 
plex calcium salt being insoluble and possessing the property of gelation. 
That the process is a calcium salt formation is strongly indicated by an 
experiment suggested to us by Dr. G. H. A. Clowes in December, 
1920. That is, whereas 1 cc. of citrated plasma + 1 drop of lung 
extract will clot in a certain time at 40°C. (for instance, 40 seconds) 
after adding CaCl, no gelation will occur if sufficient oxalate be added 
to bind the free calcium as late as only 5 seconds before the expected 
time of gelation, only a weak, stringy clot forming on standing 24 hours. 
However, if this mixture, at 40°C., be recalcified, clotting occurs in the 
usual fashion, except that only 10 to 15 seconds are required now, 
instead of 40 seconds. This indicates that the gelation phase of clotting 
represents the condition where sufficient fibrin molecules have formed 
to precipitate from solution to form a gel, and that the union of the two 
fibrinogens may be stopped at any point by removing the free calcium 
ions from the solution. ‘This experiment is rather difficult to explain 
by the thrombin theory of fibrin formation. 

It is impractical to review here all the literature that has appeared 
relative to the action of calcium in blood clotting since the work by 
Greene (9) and Arthus and Pages (10) demonstrated its importance 


in the process. It has been considered by most investigators that cal- 


cium is necessary for the production of active thrombin, but the ques- 
tion as to whether thrombin itself contains calcium, by virtue of which 
it is able to clot fibrinogen solutions, has never been satisfactorily 
answered. Most of the work done in this direction has been done with 
so-called ‘purified’’ substances (fibrinogen, prothrombin, thrombin) 
which are very likely greatly altered in their solubility and chemical 
reactivity. It was partly for this reason that we attacked the problem 
through the use of citrated plasma and tissue extracts without pre- 
liminary purification of the reactive factors concerned in the clotting. 
We believe that we are thus working with conditions more nearly simu- 
lating those present in the normal clotting of blood escaping from a 
ruptured vessel over injured tissues. 

We must refer briefly to a recent paper by Mason (11) in which he 
reviews the literature of coagulation and arrives at two conclusions but 
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gives no experimental results in support of them. He suggests that 
both fibrinogen and thrombin are kept inactive by the presence in each 
of a “protective colloid” which must be removed before clotting can 
take place. After these protective proteins are removed the “ precipi- 
tating”? portions of thrombin and fibrinogen are joined through cal- 
cium. ‘This idea, while somewhat like ours reported in December be- 
fore his paper appeared, is in other respects very different. The idea 
of colloids being thus precipitated by polyvalent metals was pointed out 
by A. P. Mathews (12) in 1905, when he suggested that the ability of 
such metals to precipitate colloids was probably due to their multiva- 
lence making it possible to unite two or three or more colloidal agegre- 
gates into very large aggregates, the union being through the poly- 
valent metal. Thus trivalent metals are better precipitating agents 
for negatively charged colloids than bivalent ones of the same atomic 
weight while monovalent metals possess no precipitating power except 
in high concentration. We are restricted from using trivalent metals 
for fibrin formation as we would like by the very active pre- 
cipitating power they possess, all the proteins present in plasma being 
precipitated in a mass. With the divalent metals (Ca, Ba, Sr, Mg), 
however, the more easily precipitable proteins of plasma are acted 
upon first and we get normal fibrin formation. Now fibrinogen is the 
least soluble of the plasma proteins. It separates out first in almost 
every method of protein precipitation, such for instance, as salting out 
and acid precipitation or by heat coagulation. The same is also true 
of the tissue fibrinogen of tissue extracts. Therefore it is not sur- 
prising that these two colloids should be the ones to precipitate by 
union through calcium. Casein apparently enters into the clot in the 
same manner when present in plasma at the time of clotting. And the 
clotting of paracasein is no doubt entirely similar to blood clotting 
in this respect. 

As for the presence of “protective colloids” in blood fibrinogen, 
prothrombin and the active principle of tissue extracts, Mason gives 
no proof of this except by referring to the work of Hammersten, Schmie- 
deberg and Heubner on the presence of a soluble globulin left in the 
serum following the clotting of fibrinogen solutions. This was formerly 
taken as proof that the fibrinogen was hydrolyzed in the process into 
a soluble and an insoluble fraction, but few men at present believe this 
to be likely. The work of Rettger (13) on the quantitative reaction 
between thrombin and fibrinogen at once raises the question whether 
this soluble serum globulin might not have been merely the excess of 
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fibrinogen left after the thrombin was exhausted. Some more definite 
proof of the presence of such ‘protective proteins” is necessary before 
such a theory of clotting can be seriously considered, although the idea of 
there being such a possibility is to be commended. 

To return again to the manner of union of the two fibrinogens, it Is 
known that phospholipins are both acids and bases, that is, they are 
amphoteric, like proteins. The union of the phospholipin and protein 
in tissue fibrinogen might then be either through the acid group of the 
former and amino group of the latter, or vice versa. However, in 
order to have an ionizable H+ or Na* ion on each phospholipin, it is 
necessary to assume that the amino of the phospholipin attaches to the 
protein. It is only thus that we could account for this phospholipin 
joining to blood fibrinogen through calcium. Attempts to prove this 
linkage are in progress. 

Taking the molecular weight of cephalin as about 890, and that of 
protein as 16,000, the tissue fibrinogen with its 41.6 per cent phos- 
pholipin would consist of 13 molecules of the phospholipin attached to 
one protein molecule, giving a molecular weight of 27,400 (fig. 1). A 
solution of such molecules, as lung extract, is not filterable even 
through filter paper after the first few cubic centimeters have passed 
and clogged the filter pores. ; 

It has been observed that a relatively small amount of lung extract 
will give a maximum acceleration of clotting; for instance, one drop of 
a saturated lung extract in almost every case quickens the clotting 
of 1 cc. of plasma just as much as does 1 ec. of the extract. However, 
the increase in weight of the fibrin is quite different in the two condi- 
tions, often being 16 to 18 times as great in the latter condition. We 
might suppose that the minimum amount produces maximum acclera- 
tion when a point of attachment to the tissue fibrinogen has been given 
to each blood fibrinogen molecule. That would mean that one blood 
fibrinogen molecule would be attached to each of the 13 phospholipin 
molecules of the tissue fibrinogen, giving a molecular weight to the 
complex of about 235,900. (fig. 2). About 11.6 per cent of such fibrin 
would be tissue fibrinogen, while we found that the additionof suffi- 


cient tissue fibrinogen to give 9.38 per cent increase in fibrin weight 


actually did produce such a maximum acceleration of clotting. Such 
fibrin, according to our idea, should contain 13 atoms of calcium or 
0.216 per cent, and 0.177 per cent P. Actual determination gave 0.186 
per cent Ca and 0.154 per cent P (series A, exper. 2). 
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Our theoretical maximum fibrin increase should represent one tissue 
fibrinogen molecule united to one blood fibrinogen molecule (fig. 3). 
The molecular weight would be about 43,400, with the added tissue 
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Fig. 1. Tissue fibrinogen molecule (1 protein molecule to 13 phospholipin mole- 


cules. Mol. wt. 27,400.) 
Fig. 2. Fibrin molecule obtained by adding minimum amount of tissue fibrin- 


ogen to produce maximal acceleration of the clotting. (Mol. wt. 235,900.) 

Fig. 3. Fibrin molecule representing a maximal fibrin increase resulting from 
tissue fibrinogen addition. (Mol. wt. 43,400. 

Fig. 4. Fibrin molecule representing two blood fibrinogens joined to one tissue 
fibrinogen. (Mol. wt. 59,400.) 


fibrinogen being 171 per cent as much as the blood: fibrinogen. In 
our experiments so far, the highest fibrin increase we have been able 
to obtain is 152 per cent (series E, exper. 2). In series B, experiment 
3, an increase of 80.9 per cent in the fibrin yield was obtained and the 
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fibrin analyzed. This increase represents about one tissue fibrinogen 
molecule to two blood fibrinogens, and should, therefore, have a molec- 
ular weight of about 59,400 (fig. 4). It should contain two calcium 
atoms, or 0.134 per cent Ca before phospholipin extraction and 0.369 
per cent P after phospholipin extraction, assuming that all the phos- 


pholipin can be removed except that between the two protein molecules. 


Actual determinations gave 0.141 per cent Ca and 0.383 per cent P 
under these conditions. This fibrin should have }4 of its phospholipin 
in extractable form, which would give 16.13 per cent phospholipin 
from the fibrin. The actual yield was 17.55 per cent. 

On the whole, the fibrin analyses gave results checking closely enough 
with our idea of the structure of the fibrin molecules to warrant us in 
concluding that our idea is a possible one. We feel, then, that it is 
probable from the facts adduced that in the clotting of plasma con- 
taining dissolved tissue-fibrinogen, fibrin formation is a direct chemical 
union of the tissue and blood fibrinogen. The evidence leads us to be- 
lieve that this union is between the blood fibrinogen and the phospho- 
lipin of tissue fibrinogen with calcium as the connecting link between 
the two. We have shown that clotting is almost impossible in the 
absence of this phospholipin fraction, just as it is impossible in the 
absence of calcium or other bivalent metals. 

We may infer that this same kind of fibrin formation occurs in all 
cases of hemorrhage where the escaping blood flows over injured tissues. 
In fact this might well be called the “normal” method of fibrin forma- 
tion, in the sense that it is the physiological method developed by the 
organism to prevent undue loss of blood from the vascular system. 
Two very easily precipitable colloids, one in the blood and the other in 
the body tissues, form almost an instantaneous union through cal- 
cium when they are mixed by escape of the blood over the tissues. 

As regards the method of fibrin formation in plasma containing no 
tissue extract, a condition which may be called the abnormal method, 
although it has generally been studied as the normal one, our results are 
very interesting, but we wish to withhold discussion of them for the 
present. Some further proof is required before we can fully formulate 
our ideas of this process. 


SUMMARY OF RESULTS AND CONCLUSIONS 


1. The fibrin yield from a given plasma may be made to vary greatly 
by tissue extract addition, variations being noted up to 152 per cent 
above normal. 


L] 
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2. The globulin fraction of the tissue extract is found to be capable of 
thus increasing the fibrin yield. Therefore we may conclude that this 
globulin is a true tissue fibrinogen. 

3. The albumins of tissue extracts, and other soluble proteins suck 
as egg white and gelatin, are inactive as regards blood clotting when 
added to plasma and do not increase the fibrin yield. 

4. Removal of the phospholipin from the tissue fibrinogen by the 
use of benzene at room temperature, lessens or destroys the ability of 
the globulin to enter into fibrin formation, the loss of coagulative power 
depending on the completeness of the phospholipin extraction. 

5. Thorough phospholipin extraction (boiling 80 per cent and 95 
per cent alcohol and absolute ether) of fibrins containing added tissue 
fibrinogen shows that not all the phospholipin calculated as being 
present can be extracted. Phosphorus analyses show that these fibrins, 
even after thorough phospholipin extraction, contain 0.154 per cent to 
0.493 per cent P as compared to 0.127 per cent P in normal fibrin. 

6. The nitrogen content of fibrin containing added tissue fibrinogen 

is found to be below that of normal fibrin, the difference depending on 
the amount of added tissue material. After removing all extractable 
phospholipin, the difference is less, but is still quite definite, so that we 
may conclude that some non-protein material is present in the fibrin in 
a non-extractable, form. Considering the results of the phosphorus 
analyses, it is very probable that this material is a. part of the phas- 
pholipin of the added tissue fibrinogen. 
7. Calcium is found in the fibrins in amounts varying somewhat 
with the composition of the fibrin. These calcium percentages are 
roughly such as would be found if the union of the blood and tissue 
fibrinogens was through a calcium atom in each case. This, taken 
together with the fixation of definite amounts of phospholipin in the 
fibrin, makes it probable that the union of the two fibrinogens is be- 
tween the phospholipin of the tissue fibrinogen and.an acid group of 
the blood fibrinogen, calcium being the connecting link. Diagrams 
are given illustrating the probable composition of tissue and blood 
fibrinogen and fibrin. 

8. The composition of fibrin may be made to vary quite widely by 
varying the amount of tissue fibrinogen present at the time of clotting. 

9. Tissue fibrinogen (thromboplastin) probably does not then pro- 
duce coagulation of the blood normally by removing an antithrombin 
or anticoagulant, as has been suggested by Howell, or by acting as a 
thrombokinase, but it itself unites directly, through calcium, with blood 
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fibrinogen to make fibrin. On the other hand, if antithrombin is 


present tissue fibrinogen will neutralize its action, as Howell suggested. 


10. This explanation clears up the réle in clotting of both calcium 
and tissue fibrinogen. The significance of thrombin will be con- 
sidered later. 


Note: The authors wish to express their appreciation of the helpful criticism 
of Dr. A. P. Mathews in the preparation of the manuscript, and their gratitude 
for his suggestions in the course of the work. 

Note: The major part of the work here reported was carried out in the summer 
of 1920, and was reported in brief before the Joint Session of the Federation of 
American Societies for Experimental Biology, meeting in Chicago, December 28, 
1920. The abstract of this report appeared in the Journal of Biological Chem- 
istry, volume xlvi, page viii of the Proceedings, in the March number. 
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The essential facts known concerning the significance of vitamin-B 
in the nutrition of animals have been ascertained in studies chiefly 
on pigeons, rats and mice. The relation of this vitamin to the nutri- 
tion of the dog has been studied only very recently. Voegtlin and Lake 
(1) and Karr (2) demonstrated that in the dog, as in the other species 
which have been studied, symptoms resembling polyneuritis will develop 
if the animal is fed for a considerable period on a diet which lacks vita- 
min-B. 

Voegtlin and Lake emphasized loss in body weight as one of the symp- 
toms shown by a polyneuritic dog. Karr, however, attributed this to a 
loss of appetite, and succeeded in showing some relation to exist between 
the desire to partake of food and the administration, by means of a 
stomach sound, of brewery yeast, or bakers’ yeast, or a suspension made 
by squeezing canned tomatoes through cheesecloth. He concluded 
that the restoration of appetite, which resulted from the.administration 
of any one of these products, was due to the vitamin-B which it con- 
tained, since, in the case of yeast, the product was less potent in this 
respect after it had been autoclaved. 

Voegtlin and Lake used autoclaved lean meat to produce symptoms 
resembling polyneuritis in dogs and cats. Karr, on the other hand, pre- 
pared a series of dietaries consisting of casein or wheat gluten as the sole 
source of protein, and sucrose and lard to supply the remaining calorific 
requirements. The contention of the first-named authors that‘ the diet- 
ary habits of the various animals had to be taken into consideration” 


! The data in this paper are taken from a dissertation presented to the faculty 
of the Graduate School in Yale University, 1921, in partial fulfilment of the 
requirements for the degree of Doctor of Philosophy. 
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does not seem to be a very important one in view of the success which 
attended Karr in his use of a “‘synthetic”’ dietary with the dog. 

The data presented in this paper and constituting an amplification 
of that reported by Karr were obtained by following essentially the 
methods employed by him. 

EXPERIMENTAL PART: Foods. What is designated diet I in this paper 
is identical with Karr’s diet I. Diet II, as prepared by the writer 
consisted of a slight modification of diet I, the alteration being simply 
the substitution of butter fat for an equivalent amount of lard in a 
quantity sufficient to constitute about 7 per cent of the food. The 
desire to perfect the dietary in all respects and to make it as far as 
possible deficient in only one factor, namely, vitamin-B, was the chief 
reason for supplying butter fat as a source of vitamin-A. 

Although Karr obtained no evidence indicating specifically that the 
absence of vitamin-A resulted in injury to the experimental animals 
within the period of his tests, it does not follow that dogs fed on his 
diet should show precisely the same syndrome, when pathological symp- 
toms do appear, as do dogs which are fed on adiet which includes vitamin- 
A. Another improvement of the diet would be the addition to it of the 
antiscorbutic vitamin. To do this without at the same time adding 
vitamin-B, however, does not appear feasible at the present time. 

Diet I (from Karr (2) 


grams 
Commercial casein (12.7 per cent N)............. 
Sucrose 


Containing 0.8 gram N. and 80 calories 
Diet II 


Commercial casein (12.7 per cent N) 
Sucrose....... 

Butter fat 

*Salt mixture..... 

Water 


Containing 0.8 gram N. and 80 calories. 


| 

18.0 

6.3 

2.8 

18.0 


GEORGE R. COWG!LL 


Salt mixture (from Karr (2) reine 


Sodium chloride........... 

Calcium lactate 

Magnesium citrate 

Ferric citrate 

I-KI solution............ SOW GIODS 


Sources of vitamin-B. The following products containing vitamin-B 
were used in the experiments reported in this paper. 


Dried brewery yeast: administered in the form of a suspension in water. 

Neutralized tomato juice: from canned tomatoes of commerce. The tomatoes 
were squeezed through cheese cloth and the suspension centrifuged. The super- 
natant fluid was heated to 80°C., carefully neutralized with sodium hydroxide, 
and filtered through paper. The filtrate was administered by stomach sound. 

Alcoholic extracts of wheat embryo, rice polishings and navy bean: The method 
of McCollum and Simmonds (3) was used in preparing these extracts. The raw 
material was first extracted with ether. It was then extracted repeatedly with 
hot ethyl alcohol, the alcoholic fractions combined, the bulk of the alcohol 
removed by distillation under diminished pressure at temperatures ranging 
between 40° and 50°C., and the concentrated alcoholic solution evaporated to 
dryness in shallow porcelain dishes. The yellow gummy residue was taken up 
in distilled water and the aqueous solution filtered through paper. This solution 
was tested with litmus and carefully neutralized with sodium hydroxide. It 
was then made up to such a volume that 1 ec. of the final solution represented the 
extract from either 1 or 2 grams of ether-extracted material. 


The neutralized tomato juice and the extracts of wheat embryo, rice 
polishings and navy bean, were tested for vitamin-B upon polyneuritic 
pigeons with positive results. 

Influence of vitamin-B on food intake. At the beginning no difficulty 
was experienced in making the dogs eat the food offered. As Karr has 
already pointed out, however, the animals, after having been fed on the 
vitamin-free food for a short time, differed as to the amount of the food 
which they would eat daily. All of them ate these diets for a varying 
period. A loss of appetite then revealed itself resulting in a lowered 
and irregular daily food intake and occasionally in a complete refusal 
of the food over many days. If an animal continued to eat some food 
every day, it eventually showed symptoms resembling polyneuritis. 
This accords with the findings of Funk (4) and Lumiere (5) that starved 
pigeons do not develop polyneuritis whereas the birds which continue 
to eat eventually show the characteristic symptoms of this disease. 

The following graphs illustrate the relation of the food intake to the 
vitamin-B contained in the product used. The maximum ordinate 
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STANDARD DIET (1 or II) 


FRR STANDARD DIET WHEAT C¥ERYO 


Chart 1 
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DIE? (I or 11) 


FERRER STANDARD DIE? RICE POLISHINGS 


Chart 2 
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Chart 3 
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represents the food in grams offered to the dog to eat, the quantity being 
estimated on a basis of from 65 to 80 calories per kilogram of body- 
weight. Inthe shaded portion is plotted the actual daily food intake. 

In testing the various products for their ability to restore appetite it 
was decided, after some preliminary experience in observing the response 
of the animals to the food offered, not to administer the vitamin-contain- 
ing product until the animal had refused the food for 2 days in suc- 
cession. In many instances dogs refused the food for one day and then 
began eating of their own accord on the day following the refusal. 
Chart 4 illustrates this fact. 


Chart 4 


The belief that the product administered supplied a definite stimulus 
to the appetite and that the recovery of appetite was not purely for- 
tuitous, as the above chart might suggest, is strengthened by the fact 
that in two cases food which had been refused in the morning was offered 
again late in the afternoon, several hours after the vitamin-containing 
product had been given, whereupon the entire amount was eaten within 
half-an-hour. 

Quantitative relationships. It is felt that the number of experiments 
with these products as sources of vitamin-B is not great enough to 
warrant any precise statements as to the dog’s requirement of vitamin 
in terms of these sources. The equivalent of 20 grams of ethe: 
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extracted wheat embryo was found to be effective for 10 kilogram dogs 
in every trial that was made. The equivalent of the same amount of 
ether-extracted rice polishings was also found effective. In the case of 
ether-extracted navy bean, the administration of the equivalent of 30 
grams was followed by a partial recovery of appetite. Tests of these 
preparations on polyneuritic pigeons showed that the equivalent of 2 
grams of ether-extracted wheat embryo or rice polishings sufficed to bring 
about a complete disappearance of polyneuritic symptoms, while the 
equivalent of 4 grams of ether-extracted navy bean was required to pro- 
duce the same result. This parallelism points to the vitamin-B in 
the products as being the active agent in restoring the appetite. 

Pathological symptoms. The symptoms described as developing in 
response to a deficiency of vitamin-B (1), (2) appeared in ten of the 
animals used in these experiments. Some of the animals showed a 
paralysis, which was gradual in its onset and development and which 
involved only the hind limbs, as the first observed symptom. With 
most of the animals, however, vomiting appeared as the first symptom. 
In contrast to the observation of Karr, however, it was not noted 
that ‘either the loss of control of the legs or the convulsions may 
appear first.”” When vomiting was noticed, the animal was taken out 
of the cage and allowed to walk about theroom. Careful observation 
usually resulted in the discovery of a slight loss of control of the hind 
limbs, this being evidenced by a peculiar dragging of the foot and failure 
to lift it from the floor in a normal fashion. The onset of convulsions 
occurred in some of the animals more suddenly than in others. The 
writer believes, on the basis of his own observations, that the convulsions 
indicate an advanced case of vitamin-B deficiency and that they are 
symptoms which follow those of muscle spasticity in the limbs with 
greater or less rapidity. 

In many of the animals a foul breath was a very noticeable feature of 
the syndrome. That an alimentary disturbance occurs in animals 
suffering from a lack of vitamin-B can hardly be doubted in view of the 
vomiting and the foul breath. Especially interesting in this connection 
is the case of dog 25. This animal vomited on the day preceding that 
on which symptoms of paralysis of the hind limbs appeared. Neutral 
tomato juice was administered by stomach sound when the nervous 
symptoms manifested themselves. A large part of the juice was 
promptly vomited. A small part of a second dose was also vomited. 
The therapy was continued nevertheless. None of the juice given in 
subsequent treatments was rejected. All of the symptoms disappeared 
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in the course of a few days. In the case of dog 23, which was treated 
with an extract of navy bean, there was a similar inability to retain the 
material introduced into the stomach. Further evidence that alimen- 
tary disturbances accompany or result from a deficiency of vitamin-B 
was obtained in the experiments with pigeons. The approach of the 
birds to a polyneuritic condition was in many cases associated with a 
failure of the crop to empty. The cure of the polyneuritis by injection 
of vitamin-B was in every case accompanied by the evacuation of a 


greenish colored fecal mass from the intestine. <A similar observation 


led Voegtlin and Myers (6) to compare secretin and vitamin-B as to 


both their antineuritic property and their property of promoting the 
flow of pancreatic juice. 

Whether the sympathetic system is affected is a question which 
naturally arises when the symptoms shown by dog 27 are considered 
Figures 1 and 2 show particularly the condition of the hind limbs in 
this animal. The muscles of both limbs were vigorously contracted 
and the limbs could be felt as distinctly warm to the touch. Whethet 
this increased heat production in the limbs was merely an expression 
of a greater volume of blood-flow, or whether it was due to the vigorous 
and maintained contraction of the muscles was undetermined. 

Two of the animals showed paralytic symptoms and a slight inco- 
ordination of gait; when they exerted themselves to leave their cages 
they were seized with spasms and suddenly died. Heart failure was 
considered to be the cause of death. 

Examination of the leg muscles in those animals which showed paraly- 
tic symptoms always revealed a condition of tonic spasticity; the loss of 
motion in the limb seemed to be due, therefore, not to a degenerative 
lesion involving the cells of the central nervous sytem, but rather to the 
presence of some toxic substance. The opisthotonic position which thi 
body assumes during convulsion and the hypersensitivity of the entire 
nervous system at such a time recall to mind the symptoms of strych- 
nine poisoning. The tonic spasticity of the limb muscles disappears 
when the animal is anesthetized by ether, another fact which is in accord 
with the idea that a toxie substance is responsible for the symptoms 


which occur in response to a deficiency of vitamin-B. 


In this connection it is of interest to note that the researches of Kimura (7 
and L’hermitte (8) on the brain and spinal cord lesions occurring in beri-beri 
show that, so far as the central nervous system is concerned, the histological 
pictures obtained from cases of beri-beri are indistinguishable from those of 
toxie polyneuritis. Walshe (9), in reviewing the literature concerning the 
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Fig. 1. Polyneuritic dog. This animal had been fed for 83 days on a diet 
lacking vitamin-B. <A very slight paralysis involving the hfnd limbs became 
evident on the 60th day; on the 74th day the paralysis became pronounced 
Photograph was taken on the 83rd day 


Fig. 2. Same animal as is shown in figure 1, photographed on the 83rd day. 
Notice that the muscles of the hind limb are contracted even when the animal 
is lying down. 
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nervous lesion of beri-beri, rejects the Vedder and MeCarrison hy pothesis that 
the lesion in this disease is not a peripheral polyneuritis but a degenerative change 
in the cells of the central nervous system. He also asserts that ‘‘so far as is 
known, the eardiac lesion of beri-beri is identical with that found in diphtheria 
in which a similar liability to sudden heart failure exists Walshe favors the 
toxicity theory of the origin of beri-beri, the idea being that a lack of vitamin-B 
brings about the production of a nerve and heart poison which is the immediate 


cause of the symptoms 


The body-weight changes of dogs fed on a diet lacking vitamin-B have 
evoked some discussion by previous investigators. Voegtlin and Lake 
(1) emphasize a great loss of body weight as one of the symptoms. Kar 
2), on the other hand, claimed that the body-weight changes followed 
the food intake, and seemed to deny that any appreciable loss in body 
weight might occur as a result solely of the lack of vitamin-B. The 
observations made in the present investigation support the contention 
of Karr. An analysis of the charts, which give the daily food intake 
plotted along with the body-weight changes, shows that the latte: 
follow the variations in food intake. 

The pathological symptoms disappeared after the administration of 
extracts of wheat embryo or of rice polishings, or of neutralized tomato 
juice from canned tomatoes. Dog 18, which had been seized with 
severe convulsions, received the equivalent of 30 grams of ether-ex- 
tracted wheat embryo by stomach sound within 15 minutes after the 
first convulsion appeared. Only one convulsion more occurred, about 
1} hours later. Twelve hours after this single treatment the dog was 
able to walk about the room with only a slight incodrdination of gait. 
Dog 22 became polyneuritic after eating the vitamin-free food for 56 
days. Administration of the equivalent of 20 grams of ether-extracted 
rice polishings produced a distinct therapeutic effect. Treatments with 
smaller doses were continued for several days and then discontinued. 
The animal recovered completely from all symptoms of polyneuritis and 
for 8 days ate the same diet that it had eaten before pathological symp- 
toms had appeared. Dog 26 showed characteristic symptoms of vita- 
min-B deficiency. First there appeared an incoérdination of gait due 


to a slight paralysis involving the hind limbs. The animal finally be- 


came unable to walk and had severe clonic spasms when handled. Fig- 
ure 3 represents this animal when it was perfectly helpless. The 
same animal 18 hours later, after it had received neutralized tomato 
juice, is shown in figure 4, 
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Fig. 3. Polyneuritie dog. The leg muscles were vigorously contracted 


especially those of the hinder extremities, resulting in extension of all the limbs 


and inability of the animal to stand. If this dog was handled, severe clonic 


spasms resulted. 


Fig.4. Same dog as is shown in figure 3, IS hours later and showing the effect 
of administering neutralized tomato juice. After such treatment the animal was 
able to walk although with a characteristic spastic or ‘‘steppage’’ gait \fter 
repeated treatments extending over 4 days, the spasticity of the leg muscles and 
spastic gait almost entirely disappeared. 


131 


GEORGE R. COWGILL 


SUMMARY AND CONCLUSIONS 


The observation of Karr, that “some relationship exists in the dog 
between the desire to partake of food and the amount of the so-called 
water-soluble vitamine ingested ”’ has been confirmed. 

To the list of substances demonstrated to contain an appetite-pro- 
moting factor, the present investigation has added: 

alcoholic extract of wheat embryo, 
alcoholic extract of rice polishings and 
alcoholic extract of navy bean. 

The symptoms of polyneuritis in dogs were made to disappear by the 
administration of an alcoholic extract of either wheat embryo or rice 


polishings, or by tomato juice which had been carefully separated from 


the tomato pulp and neutralized. 

All of the products, which were tested and found to restore appetite 
or to relieve polyneuritic symptoms in dogs, were tested on polyneuritic 
pigeons, and the birds were cured. 

This parallelism indicates that the physiological effects of these prod- 
ucts are due to a common factor, probably vitamin-B. 

I wish to thank Prof. Lafayette B. Mendel, who suggested this work, 
for his advice and criticism so freely given. 

The expenses of this investigation were defrayed in part by a contri- 
bution from the Russell H. Chittenden Research Fund for Physiological 
Chemistry. 
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APPENDIX: <A few representative protocols are presented. 


Ipos 12 


Chart 6 


P) olor ols 


Dog 12. The daily food intake and body weight are plotted on chart 6. 

33rd day. Some vomitus found in the cage. 

13rd day. Animal vomited during the afternoon 

44th day. Animal vomits during the forenoon. Lies down most of the da) 
which is unusual for this animal. When allowed to walk about the room, anima! 
appears normal. At 7:30 p.m. dog was noticed walking about in the cage wit! 
an incoérdinated gait ; paralysis seemed to be confined to the hind limbs. Placed 
outside of the cage for closer observation. Animal tried to walk; sprawled out 
on the floor with clonic spasms lasting about 30 seconds, and died. Heart failure 
during the spasm was deemed the cause of death. 

Dog 18. “The daily food intake and body weight are plotted on chart 8. 

20th day. Refused the food offered in a.m. 

2Ist day. Refused the food offered in a.m. At 3 p.m. given 20 ce. wheat 
embryo sample II 20 grams) by stomach sound. 

22nd to 30th days inclusive. Eats all the food offered. See chart 8 

29th day. Changed from diet I to diet II. 

3lst day. Eats only 90 grams of food offered. 

32nd and 33rd days. Refuses food. 

34th day. At noon gave by stomach sound, 3 Harris yeast vitamin tablet 
in 100 ee. water. 

35th day. Refuses food. 

36th day. At10a.m. gave by stomach sound, 3 grams of dried brewery yeast 
suspended in 50 ec. water. 
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37th day. Refused food in morning. At 1:30 p.m. gave 8 grams of dried 
brewery yeast suspended in 100 ce. water. Offered 180 grams of diet II at 4 p.m. 
All of it eaten within half an hour. 

63rd day. Vomited. Paralysis of hind limbs noticed when animal is allowed 
to walk about the room. This paralysis is not at all pronounced however. 

69th day. Paralysis is more marked than on the 63rd day but is still not 
very pronounced. Animal does not walk quite normally but drags the hind 
feet slightly. 


DI8? Il 


Chart 8 


70th day. At 8:50 a.m. dog fell over with convulsions; opisthotonus, and 
tetanic contractions involving particularly the muscles of the hind limbs. At 
9:10 a.m. given 23 ec. of wheat embryo sample III (= 30 grams). Animal has 
one other convulsion during the forenoon; none during the afternoon. Dog is 
much improved at 4 p.m. At 10 p.m. the animal was able to walk out of the 
cage with only a slight wobble in its legs. At 12:30 a.m. of 71st day, animal 
walked around considerably. At 8 a.m. animal was found dead. 
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Dog 22. The daily food intake of this animal is plotted on chart 2. 

Ist day. Offered 120 grams of diet II, which is about 65 calories per kilogram 
of body weight. 

5th day. Animal has not maintained weight satisfactorily on 120 grams of 
food daily. Therefore increased the amount of food offered to 150 grams. 

56th day. Animal shows some paralysis of the hind limbs; favors them when 
walking about the room. 

57th day. Dog is barely able to walk; hind limbs are slightly paralyzed. 
Muscles of the hind limbs are spastic. AtS8:45 a.m. given 10 cc. of rice polishing 
extract sample II, (= 20 grams). 

58th day. Slight improvement in use of hind limbs. At 8:45 a.m. given 
another treatment with 10 ce. rice polishing extract sample II. 

59th day. Limbs are normal but when walking about the room, spasms 
involving the neck muscles occur and the dog slinks off to the cage to lie down. 
At9a.m. given 20 cc. of rice polishing II (= 40 grams). 

60th day. Great improvement over condition on previous day. Given 
another treatment of 20 cc. rice polishings II (= 40 grams). 

6lst day. Great improvement. Given 20 cc. rice polishings II (= 40 grams). 

62nd to 64th days inclusive. Daily improvement. Given daily treatments 
of 5 ce. rice polishing II (= 10 grams). 

65th day. Good condition. Treatment with rice polishing extract discon- 
tinued. (Reference to chart 2 will show that beginning on the 60th day the 
appetite was restored. On the 63rd to the 70th days inclusive, the animal ate 
all the food that was offered. ) 

72nd day. Dog eats only 15 grams. Ate only 40 grams on the 7Ilst day. In 
hope of restoring appetite, dog was given 10 cc. of rice polishings II (= 20 grams). 

73rd day. Dog eats 95 grams of food. At2 p.m. given 25 cc. of rice polishings 
II (= 50 grams). 

74th day. Dog eats 135 grams of food. 

75th day. Eats 200 grams. Increased the amount of food offered from 150 
grams in the hope that a restoration of appetite combined with a greater food 
intake would result in a considerable increase in body weight. 

80th day. Experiment concluded. Animal placed on a mixed diet consisting 
of dog biscuit and meat. 

Dog 25. 31stand32nd days. Dog refuses to eat. 

33rd day. Refusestoeat. Is given 15 cc. navy bean extract II (= 30 grams). 

34th to 40th days inclusive. Appetite is restored partially (see chart 3). 

41st day. Dog refuses toeat. Is given 50 cc. of navy bean extract II (it had 
been autoclaved for 15 minutes). 

42nd to 54th days inclusive. Appetite is partially restored (see chart 3). 

55th and 56th days. Dog refused food. Afternoon of 56th day was given 
200 ec. of neutralized tomato juice. 

57th day. Dog eats 140 grams. Appetite is only partially restored as dog 
eats part of the food offered up to and including the 63rd day. 

65th day. Animal vomited during the night. Walks with a slight loss of 
control of hind limbs, dragging the feet slightly. 

66th day. Dragging of hind feet much more noticeable than on the previous 
day. Dog vomits a bile-colored fluid during the forenoon. Is apparently very 
thirsty as it drinks water frequently. At 5 p.m. dog walks with great difficulty 
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and has clonic spasms when handled. Is apparently in no pain as it wags its tail. 
At 5.15 p.m. given 200 ce. of neutralized tomato juice. Vomits a large part of it. 
67th day. Animal is helpless. Legs are sprawled out (see fig.3). At 9 a.m. 


given 200 cc. of neutralized tomato juice. Part of juice is vomited. 

68th day. Animal is helpless. Legs are sprawled out as on the previous day. 
At 8.45 a.m. given 200 cc. of neutralized tomato juice. Photograph taken at 
1 p.m. (see fig. 3). Repeated the treatments with neutralized tomato juice 
at 2:30 p.m. and 8:30 p.m. When observed at 8:30 p.m., the animal was able 
to walk about the room. It showed a characteristic spastic or ‘“‘steppage’’ gait. 

69th day. Condition at 9 a.m. is about the same as at 8: 30 p.m. the previous 
day. Photograph taken at 9 a.m. (see fig. 4). Dog eats 25 grams of food. Is 
given a treatment of 200 cc. neutralized tomato juice at 11 a.m. and another 
smaller dose of 100 ce. at 5 p.m. Animal shows characteristic spastic gait with 
some improvement over the previous day. 

70th day. Eats 25 grams of food. Spastic gait still very pronounced. At 
5 p.m. given 200 cc. neutralized tomato juice. 

7ist day. Eats 120 grams of food. Spastic gait still evident. At 4 p.m. 
given 200 ce. of neutralized tomato juice. 

72nd day. Eats 170 grams. Spastic gait evident. Given a treatment of 
200 cc. of the tomato juice. 

73rd day. Eats all the food offered. Spastic gait not so noticeable. Given 
a treatment of 200 cc. of the tomato juice. 

74th to 77th days inclusive. Animal eats all food offered. Experiment con- 
cluded on 77th day. Placed on mixed diet. Thirty-seven days later the dog 
was in excellent condition; there was perhaps a very slight spasticity of the 
muscles of the hind limbs which was not easy to detect. 
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In 1908, Waters (1) published the results of his studies on the influence 
of under-feeding upon the growth and development of calves. He con- 
cluded that skeletal growth will continue at the expense of other tissues 
when animals are underfed to the point where body-weight fails to in- 
crease. Probably the most exhaustive work since 1908 has been that 
of Jackson and his co-workers, a résumé of which was published in 1918 
(2). These studies, as well as those which have been made since 1918 
by Jackson (3), Stewart (4), Siperstein (5) and others, show very con- 
clusively that acute inanition is a most important factor in the growth 
and development of all tissues, especially the endocrine and reproductive 
organs. 

With the advent of chemico-biological methods of research and the 
recognition of diet as an etiological factor in deficiency diseases, such as 
scurvy and beri-beri, it was but natural that investigators should turn 
their attention to problems involving the influence of inadequate diets 
upon the weight and size of various organs and tissues. It was natural 
to expect, in the light of more recent work, that investigators should 
inquire as to the physiological réle played by each of the recognized food 
constituents. 

Funk and Douglas (6) observed a district atrophy of testes and cer- 
tain other organs of pigeons when a diet was fed which was deficient in 
the antineuritic vitamine. Similar observations have been made by 
Allen (7) and McCarrison (8). The last-mentioned writer has contrib- 
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uted many valuable papers in this field, using pigeons and monkeys 
as his experimental animals. In his opinion, vitaminic deficiency pro- 
duces atrophy of reproductive organs with the result that the function 
of spermatogenesis may be destroyed. Other writers have emphasized 
the influence of restricted diets upon reproduction in farm animals (9) 
and albino rats (10). 

Hart, Halpin and McCollum (11), Hart, Halpin and Steenbock (12), 
Lewis (13), Hughes (14) and others have emphasized the importance of 
vitamines in poultry feeding but, so far as we are aware, little or no work 


TABLE 1 


Weights of White Leghorn cockerels fed on polished rice 


WBIGHTS IN GRAMS OF THE COCKERELS 
DAY OF ee 
ny . | No. No. No No 
} 268 453 485 163 


489 | 514 | 793) 768 | 

503 | 431 848 | 822 

498 | 457 | 838 838 

474 | 428 | 840 | 849 
472 | 422 | 858| 850 | | 806 | 566 

420 | 392 | 822/ Sil | 574 | 
437 | 376 | 848 | 813 | 582 | 
426 | 300**| 821 | 810 | g 588 

426 | 801 | 820 | 8 597 

428 | 831 | 797 8 600 

411 | 839 | 798 812 | 601 

400 | 856 | 795 601 


* Severe polyneuritis. 
** Died, inanition? 
t Died. 


has been done upon the influence of dietary deficiencies upon the 
development of the reproductive organs in poultry. 

Experimental: The preliminary observations. In our first feeding 
trials we had occasion to feed two experimental groups of White Leghorn 
cockerels. The first group received a diet of polished rice, while the 
second group received a diet of polished rice supplemented with 2 grams 
of fresh, green alfalfa per day per bird. This work was conducted in the 
summer of 1919 in connection with our studies of ‘‘limberneck’’ in 
poultry (15). The experimental birds were single comb White Leghorn 
cockerels, obtained from a commercial poultry farm, and varied in weight 
from 450 to 900 grams. No knowledge was available as to their 


487 173 189 
1 804 | S11 459 
4 827 | 857 463 
8 852.) 872 475 
12 858 | 898 | 492 ; 
16 869 | 879 493 : 
20 880 | 718 517 
24 889 | 638 529 
28 890 | 580* | 560 
30 890 | 529 574 
32 890 t 582 
34 587 
36 587 
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dietary history with the exception that they had received the ordinary 
poultry ration employed by the average commercial poultryman. 

Ten birds received the diet consisting of rice, while six birds received 
rice which was supplemented by fresh alfalfa. At the end of the 36-day 
feeding period the ‘‘rice-alfalfa group” (group II) was in much better 
physical condition, having increased uniformly in body-weight, while 
the ‘‘rice group” (group I) was in much poorer physical condition and 
some of the birds had developed polyneuritis and died. The growth 
records of these groups are recorded in tables 1 and 2. 

The cockerels in group I, table 1, developeda depraved appetite during 
the first 20 days of the experiment, eating all of the droppings on the 


TABLE 2 


Weights of White Leghorn cockerels fed on polished rice and fresh green alfalfa 


WEIGHTS IN GRAMS OF THE COCKEREL 
DAY OF 
EXPERIMENT 


No. 481 No. 462 


808 
888 
850 


floor of the pen. This was not observed in group II. The latter group 
was lively and possessed bright red combs and yellow shanks and beaks. 
The combs, wattles, shanks and beaks of the other group were practically 
colorless. 

On the 32nd day of the experiment cockerels 164, 264 and 488 were 
caponized and the right testis of each bird was weighed and measured. 
Cockerel 488 had received a diet of rice and fresh alfalfa. The results 
are given in table 3. 

The apparent effect of such small quantities of green alfalfa is some- 
what surprising although Osborne and Mendel (16) have shown that 
0.1 gram of dried alfalfa, clover or spinach per day supplied sufficient 
quantities of the fat soluble vitamine for growing rats. They have 


| 
i 
1 540 551 570 825 776 
4 547 6438 604 877 789 
$ 8 598 624 646 S63 §26 
12 610 618 620 SOS 000 S15 
16 603 634 615 SSS SOS 791 
20 601 634 605 900 902 789 
24 628 641 630 902 834 827 
28 645 632 652 923 858 S47 
30 662 642 666 923 S60 S50 
oz 670 650 672 913 R60 R60 
34 670 6SO0 SS4 O03 S58 
36 676 652 685 O44 912 SUZ 
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TABLE 3 


Preliminary observations on the influence of diet upon the weight and size of testes 


| DAY OF 
EXPERI- 
MENT 


| COCKEREL | WEIGHT OF | WEIGHT | MEASUREMENT 
| |. NUMBER | COCKEREL OF TESTIS | OF TESTIS 
| 


grams grams 


164 811 


‘ y 164 529 0.0780 | 
Rice only 264 ‘ 


264 0.1355 


Rice + green alfalfa 488 | 
488 | 2.2 X 1.60 


TABLE 4 


Showing the influence of small amounts of fresh, green alfalfa on the development 
of testes 


GROUP I 


Rice period Rice-alfalfa period 

CHICK 
NUMBER Body Body 
weight weight | Weight 


| Istday | 37thday | of right : A a 
| of experi-| of experi-| testis | of right of experiment 


| Average 
weight | Body weight 83rd day 


Weight | Average 
of left of left 
»sti testis 
ment | ment | testis testes 
| 


gram grams gram gram grams | grams gram 
513 601 | 0.3799 | 683 | 1.1398 |} 
800 | 849 | 0.1008 || 1004 | 0.4354 
452 498 | 0.0977 |} 0.1627) 578 0.1525 | > 0.5960 
459 587 | 0.1848 || | 800 | 0.6563 
489 | 399 | 0.0505 || Died on 38th day | 


GROUP II 


Rice-alfalfa period Rice period 


182 551 | 652 | 1.1545 | 787 | 0.9455 
468 540 676 706 | 0.2138 || 
457 776 | 892 | 1.3425 |} 1.1944! 893 0.1455 
287 570 | 685 .9537 || 725 1.6481 
462 825 | 


| 
912 | 0.2308 | | Died on 52d day 


* When alfalfa is absent testes atrophy. When alfalfa is present the growth 
of testes is stimulated. The general atrophy of testes in group I cannot be 
attributed to general inanition for all of the cockerels (on rice diet), with the 
exception of chick 268, gained in weight. 


1.9 X 0.40 
32 | | 1.5 X 0.53 
si | 
173 | 
487 | 
452 | 
189 
268 | 
| 
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pointed out, also, that young timothy, clover and alfalfa are richer in the 
water soluble (B) vitamine than the more mature plants (17). 

The limited data of table 3 indicated that the fresh alfalfa possessed 
the property of preventing atrophy of testes on a rice diet. In order to 
obtain further information the remaining cockerels were caponized on 
the 37th day of the experiment, the right testis being removed in each 
and weighed. 

Immediately after caponizing, the diets of the two groups were reversed, 
the rice group was given alfalfa, while the rice-alfalfa group was 
deprived of the alfala. The feeding continued for 46 days, at which 
time the left testis of each bird was removed and weighed. The data 
are given in table 4. , 

The influence of the alfalfa additions (table 4) is quite marked. It is 
quite apparent that the increased weight of testes in group I on the 83rd 
day is due to the presence of the alfalfa and not the natural growth, for 
marked atrophy or cessation of testicular growth occurred in group II as 
soon as the alfalfa was removed from the diet. Another important 
fact is brought out in connection with the body-weights of birds through- 
out the experiment. With the exceptions of cockerels 268 and 462 no 
losses in body-weight occurred. What seems more remarkable, atrophy 
of testes took place while body-weights were actually increasing. This, in 
our opinion, is evidence that atrophy of organs is not due necessarily to 
general inanition; neither is it necessary to assume that atrophy of organs 
is necessarily accompanied by loss of body-weight. It is quite evident that 
fresh alfalfa contains something other than protein, fat or carbohydrate 
which produces a profound influence on the development of reproductive 
organs. During the 36-day feeding period the right testes of the birds 
receiving alfalfa (group II) grew practically eight times as fast as those of 
the cockerels receiving no alfalfa (group 1). It is impossible to explain the 
low weight of testis of cockerel 462, group I]. This bird did not grow as 
rapidly asthe others in the group and died on the 52nd day of the 
experiment period. The atrophy of testes in group II is less pronounced 
than in group I, due in all probability to a smaller demand for vitamines 
at the later stages of growth and also to the fact that some vitamine 
storage might have occurred during the alfalfa feeding period. 

Riddle (18) has observed that the right testes of pigeons are heavier, on 
the average, than the left testes. Our limited data concerning the com- 


parative weights of testes of White Leghorn cockerels do not indicate 
that striking differences exist although greater differences might be ap- 
parent if we had worked upon a larger number of birds. Table 5 gives 


i 
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the body-weights and testes weights of eight (apparently) normal White 
Leghorn cockerels. 

This would indicate that the weight of testis approximates 1.541 grams 
per 1000 grams of body weight in birds averaging 1500 grams in body 
weight. In a later paper we shall describe similar studies in which we 
have fed purified diets to a larger number of cockerels. In this study pro- 
tein and the water soluble (B) vitamine have been the varying factors. 


TABLE 5 


Comparison of weights of testes of normal cockerels 


COCKEREL NUMBER RIGHT TESTIS LEFT TESTIS BODY WEIGHT 


grams grams grams 
1. 2300 .5849 1361 

1.3560 . 1180 1600 
0.2705 . 8313 1398 

. 6370 .3730 1372 
2.0931 2.3365 1500 
3.0215 .1751 1730 

). 6547 5.3377 1560 
3.2875 . 8065 1518 


Average 2.3187 | 2.3203 j 1504.9 


CONCLUSIONS AND SUMMARY 


The testes of White Leghorn cockerels did not develop when the diet 
consisted of polished rice. When the rice was supplemented with small 
amounts of green alfalfa atrophy of testes did not occur and when al- 
falfa was added to the diets of cockerels which had been on a rice diet for 
36 days atrophied testes started to increase in weight. 

Atrophy of testes was obtained in cockerels which had actually in- 
creased in body-weight, indicating that atrophy of organs is not due, 
necessarily, to general inanition and loss of body-weight. On account 
of the small quantities of alfalfa necessary to obtain these results, it 
would appear that the development of the reproductive organs is de- 
pendent, in a large measure, upon the vitamine content of food materials. 
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The observations outlined in this paper were undertaken in the hope 
of throwing light on the question of the coagulation of menstrual blood; 
a problem, according to the literature, on which conflicting opinions 


are held. 
Various theories have been advanced to explain its normal non- 


coagulability. One, that the alkaline secretion of the uterine cervix 
is responsible (1) is now regarded as untenable, for the cervical sec- 
retion tends rather to favor than to hinder clotting, if added to the 
blood (2). Neither can it be due to the acid secretion of the vagina— 
a theory referred to by different authors—for blood collected directly 
from the cervix exhibits the same property (3). Then too the vagina 
has no typical glands and in the non-pregnant is kept moist by a small 
amount of secretion from the uterus (4). A third suggestion has been 
the presence of an anticoagulating substance in the mucous membrane of 
the uterus. This theory has been especially developed by Schickele 
(5), (6). In recent years the problem has been approached along 
three lines; first, by a comparison of the factors of coagulation in sys- 
temic blood taken during the menstrual and intermenstrual phase; 
second, by an examination of the menstrual blood itself; and third, by 
observations on the uterine mucous membrane. Birnbaum and 
Osten (2) studying the question by the first method, added definite 
quantities of human serum to a fibrinogen solution prepared from 
oxalated plasma of the horse and found its average time of coagulation, 
using serum from thirteen cases during the intermenstrual period, 
to be 44 minutes, while with serum from nineteen menstruating 
subjects it averaged 75 minutes. They considered the delay due 
to a diminished amount of fibrin ferment in the blood during menstrua- 
tion. Raineri (7), however, could find only slight changes and Kristea 
and Denk (8), using Wright’s method, found no difference in the 
444 
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coagulation time of blood taken at different periods. These various 
results were questioned by Cantoni (9), for the data were collected 
from different individuals for the two periods and in some cases the 
temperature was not kept constant. In his own studies he used a 
fibrinogen solution prepared by Schmidt’s method and added to it 
definite quantities of serum from his subjects. He reported no notice- 
able changes in the coagulation time at different periods. Dienst 
(10), by a quantitative method, compared the fibrinogen content of 
menstrual and systemic blood, taken at the same time, and found that 
the amount was the same in both as it was in the systemic blood taken 
at other periods. Using Schmidt’s method he found less thrombin 
in the systemic blood taken during menstruation than in that tested 
at other times and in the menstrual blood the thrombin was diminished 
to a still greater extent. This led him to the conclusion that there is 
an anticoagulating substance in the uterine mucosa. Bell (11), since 
he could not find fibrin ferment in menstrual blood which had passed 
the vagina, concluded that its precursor had been destroyed in the 
endometrium. The calcium content of such blood is normal (8) or, 
according to Bell (12), even above normal. Another series of observa- 
tions on menstrual blood, collected directly from the cervix, (3) led to 
the conclusion that it contains thrombin and tends to hasten rather than 
to retard the clotting of plasma and that its seeming peculiarities are 
due to the secretions chiefly from the body of theuterus. Recently, Stickel 
and Zondek (13) state that there are no changes in the coagulation of 
the systemic blood during the menstrual period and that blood obtained 
by puncture of the uterus during menstruation clots normally. They 
conclude that failure to clot is due to an inhibiting substance in the 
mucous membrane of the uterus. The attempt to find such an anti- 
coagulating substance was made by Kristea and Denk (8) in the 
course of their work referred to above. But, though they ground the 
mucosa of a menstruating uterus and extracted it with salt solution, 
no such anticoagulant was disclosed. The idea was further developed 
by Schickele (5), (6) when, by means of the Biichner press, he obtained 
the tissue-juice of a number of organs: human, of the dog, sheep, cow, 
horse and pig. He tested for the presence of antithrombin by adding 
definite amounts of the juice to the plasma of the goose and found that 
from the ovaries and next that from the uterine mucosa produced the 
greatest delay in clotting, sometimes complete failure to coagulate 
resulted. This anticoagulant was common to all the animals tested. 
It was, however, not found in salt solution extracts of the ovary or of 
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the mucous membrane of the uterus and he is therefore led to conclude 
that it is closely bound up in the tissue cells. He regarded it as be- 
longing to the hirudin group and thought that it prevented the coag- 
ulation of menstrual blood. 

From these conflicting reports there seemed need for further consid- 
eration of the subject, using the modern methods for the study of 
coagulation. At Doctor Howell’s suggestion, Schickele’s experiments 
were repeated though not with the variety of organs from different 
animals. Most of the observations were made on the mucosa of the 
pig’s uterus, a few on the uterine muscle and on the ovary of the same 
animal. The pig was selected because abundance of material could 
be obtained in all stages of the oestrous cycle and of pregnancy. 

Method and observations. The observations were made in three series. 
Series I during January, February and March, all on the pregnant 
uterus; series IT, from October to March on both the pregnant and non- 
pregnant and a third during the month of June almost entirely on the 
non-pregnant organ. In all, twenty-six uteri with embryos varying 
from a few millimeters to half term, and sixteen non-pregnant were 
examined. Schickele does not indicate whether his animals were 
pregnant but he does express regret that he could not obtain material 
during the period of heat. 

The material reached the laboratory from the abattoir while still 
warm and the mucous membrane was usually dissected off at once from 
the body of the uterus, though sometimes the uterus remained in the 
ice-box until the following morning before the dissection was made. 
The mucous membrane can readily be removed from the pregnant 
organ and fairly easily from the non-pregnant one, but if the mucosa 
is not congested the dissection is made with the greatest difficulty. The 
mucosa was placed in normal saline as it was removed—the process 
lasting from half an hour to an hour—it was then washed and kneaded 
by the hands in many changes of sodium chloride, until the last washing 
yas almost clear. The excess of fluid was absorbed by pressing between 
filter papers and the finely divided tissue either ground with sand in 
a mortar and then with Kieselguhr or only with the latter. An effort 
was made to have the specimens of uniform dryness. The material 
was then folded in a towel or in many layers of filter paper and sub- 
jected to a pressure of from three to four hundred atmospheres in the 
Biichner press. The fluid thus secured was clear with a reddish or 
sometimes a yellowish tinge. From 1 to 8 cc. were usually obtained, 
depending on the original amount of material. Preliminary tests 
were made at once and a more detailed study on the following day. 
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The fibrinogen solutions, prothrombin and thrombin were all prepared 
according to Howell’s methods (14), and the technique developed by 
him was employed in the tests. The observations were planned to 
determine whether antithrombin was present in the pressure-juice, 
whether its addition to plasma increased the antithrombin time of the 
plasma, whether an antiprothrombin could be demonstrated by its 
antagonistic action to prothrombin in solution and by causing delay 
in the activation by calcium of the prothrombin of oxalated plasma. 
Each of the forty-two specimens was not, however, subjected to all 
of these tests. 


The evidence for the presence of antithrombin may first be considered. 
This could be demonstrated in the tissue-juice from the mucous mem- 
brane of two of eighteen pregnant uteri tested, while it was present 
in eight of the fourteen non-pregnant organs. For illustration the 
following data may be given from one experiment: 


A drop of pressure-juice, heated to 54°C. to remove possible fibrinogen, was 
incubated for 15 minutes with 2, 3, 4 and 5 drops of thrombin; 10 drops of fibri- 
nogen solution were then added. 

The times of clotting were: 

Thrombin 2, 3, 4 drops, a membranous clot in 6 hours. 
Thrombin 5 drops, a membranous clot in 3} hours. 
As a control the pressure-juice was replaced by 0.9 per cent NaCl, and 
The times of clotting were: 
Thrombin 2 drops, clot in 20 minutes. 
Thrombin 3 drops, clot in 10 minutes. 
Thrombin 4, 5 drops, clot in 5 minutes, 


As was to be expected, when antithrombin could be demonstrated in 
the tissue-juice, an increase in the antithrombin time occurred, if 
it was added to oxalated plasma, due to the additional antithrombin 
in the mixture. But when the juice considered was added to oxalated 
plasma, which had been heated to 54°C., the coagulation was delayed 
even more than could be explained by the presence of the added anti- 
thrombin. Equal parts of the pressure-juice and plasma were incubated 
for 15 minutes, then a drop of the mixture was incubated with 5 drops 
of thrombin for 15 minutes and finally 10 drops of fibrinogen solution 
added. In 6 hours a slight gelatinous clot had formed, while in che 
control—in which salt solution was substituted for the juice—a solid 
clot formed in 20 minutes. Another specimen, in which antithrombin 
could not be demostrated, when subjected to the same test with oxa- 
lated plasma showed the following times of clotting: 


= 
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Thrombin 2, 3 drops, no clot in 90 minutes 
Thrombin 4 drops, clot in 65 minutes. 
Thrombin 5 drops, clot in 60 minutes. 

The corresponding controls clotted in 30, 30, 20 and 5 minutes. 


It is surely of interest that the tissue-juice from sixteen uteri, which 
did not contain antithrombin, when added to plasma increased its 
antithrombin time. Three other specimens while containing some 
antithrombin prolonged still further the antithrombin time of the 
plasma. The pressure-juice, then, seems to possess the same prop- 
erty as heparin isolated and described by Howell and Holt (15). 
According to their conclusion, heparin increases the coagulation time 
by activating the pro-antithrombin in the plasma to antithrombin. 
The same workers were able to show that, although heparin has no 
action on fully formed thrombin, it is able to prevent the activation 
of prothrombin by calcium. If the uterine ‘‘Presssift’’ contains 
heparin or some similar substance, one would expect it to have a similar 
inhibitory action on prothrombin—preventing or delaying its change 
to thrombin when calcium is added. To test this point the tissue-juice 
from twenty-three organs was added to a prothrombin solution pre- 
pared from the oxalated plasma of the cat. In ten cases it exercised 
an undoubted inhibiting action on prothrombin activation—varying 


from a delay of half an hour in the time of clotting of the fibrinogen 
solution to failure to clot in 24 hours. A few additional specimens 
vaused slight delay. The data from the tests made on one sample 


follow— 


Prothrombin solution 5 drops added to pressure-juice, 2 drops, incubated 15 
minutes, added calcium chloride 2 drops, then fibrinogen 10 drops. Result— 


Slight membranous clot in 1 hour, not solid in 7 hours. 
Control in which 2 drops of water were substituted for the pressure-juice 


gave a solid clot in 10 minutes. 
With another specimen there was a slight membranous clot in 14 hours, while 


the control was solid in 5 minutes. 


The substance causing such delay in the activation of a solution of 
prothrombin would naturally have a similar action if added to oxalated 
plasma if the plasma were then recalcified. Thus the specimen re- 
ferred to above which gave a slight membranous clot in one hour 
in the prothrombin activation test gave the following results with 
oxalated cat’s plasma: 
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1 part plasma added to 1 part pressure-juice, then added 
CaCl, 3 drops slight precipitate 40 minutes. 
CaCl, 4 drops slight precipitate 30 minutes. 
CaCl, 6 drops floating clot 30 minutes. 
No further change in 12 hours. 
When 0.9 per cent NaCl was substituted for the pressure-juice, clots formed 
in 5, 5 and 2 minutes. 


It was much more difficult to demonstrate an inhibiting action on the 
prothrombin activation of the plasma than on the prothrombin solu- 
tion. Of those specimens of Presssiift on which both tests were carried 
out—ten were positive and three weakly positive to the antiprothrom- 
bin test. Four of the thirteen were positive to the prothrombin acti- 
vation test and the others uncertain or negative. However, a positive 
test was never obtained with the plasma if the prothrombin test was 
negative. 

A few observations were made on the sodium chloride extract of 
the uterine mucosa and on the ovary. Schickele says that such ex- 
tracts accelerate rather than retard coagulation. Antithrombin was 
demonstrated in five of the nine uteri. They all five produced delay 
in the antithrombin time of the plasma though not more than could 
be explained by the added antithrombin. It is interesting that the 
tissue-juice of four of the five mucosa also contained antithrombin. 
Similar results were obtained on the extract of the ovaries though no 
observations were made on the ovarian ‘‘ Presssiift.’’ Antiprothrombin 
could not be demonstrated in any of the extracts, seeming to indicate 
that heparin is closely bound up in the tissue cells and cannot be ob- 
tained by extraction. On the other hand antithrombin may some- 
times be extracted in sufficient quantity so that its effect is not neu- 
tralized by the thromboplastic substance present in tissue extracts. 

Schickele also obtained an inhibitory substance from the brain, 
liver, testicle, the suprarenal body, and from the thymus and thyroid— 
the last two ranking next to the ovary and uterine mucosa in their 
power to delay coagulation.. My observations beyond those on the 
mucous membrane of the uterus are far too meager to warrant any 
conclusions but they are, nevertheless, of some interest. The uterine 
muscle in a few cases was ground and subjected to pressure as described. 
Great care was taken not to include any of the mucous membrane in 
the preparation. Although the juice from the mucous membrane of 
the same organ had in each instance a decided antithrombic action, 
none could be found in that from the muscle—except in one case in 
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which the time of clotting was 30 minutes as opposed to 12 minutes 
in the control. The results on muscle are in agreement with those 
of Schickele and others. Three samples of the mucosa from the 
small intestine of the pig were subjected to the same tests as those 
from the uterus and of these, two showed antithrombin and all three 
increased the antithrombin time of the plasma. Two increased the 
prothrombin time of the plasma without delaying the prothrombin 
activation of a solution of prothrombin. The delay was so marked 
where obtained that I am inclined to think, with a large series, the 
results would have been similar to those obtained with the uterine 
mucosa. 


DISCUSSION 


An analysis of these observations brings out the fact that a sub- 
stance which must be fully formed antithrombin may be present in 
the mucosa of the pig’s uterus. In nearly 23 per cent of the specimens, 
studied its presence was demonstrated in the pressure-juice of the 
mucosa. It is also sometimes present in saline extract. There is evidence 
also of the antiprothrombic action of heparin or some similar substance 
since the antithrombin in heated plasma was increased by a large 
number of specimens of tissue-juice. Howell has shown that heparin 
‘an bring this about by its ability to activate pro-antithrombin to 
antithrombin and also by being able, further, to prevent the activation 
of prothrombin to thrombin (15). In this work the second characteris- 
tic was repeatedly demonstrated by the use of prothrombin solutions. 
Evidently Schickele was dealing both with antithrombin and with 
heparin but by his methods he was not able to distinguish two different 
substances. 

The fact that many specimens of pressure-juice failed to exercise 
an inhibiting action on coagulation may be due to neutralization of 
both the antithrombin and antiprothrombin by an excess of thrombo- 
plastic substance—always present in tissues and recognized as exerting 
such action (16), (15). On the other hand, they may be entirely 
absent from the mucosa due to seasonal] variations. However, this 
does not seem probable for, although antithrombin was found in more 
specimens examined during June than at other periods, this may have 
been due to the fact that it was easier to obtain the non-pregnant 
uterus at this time and consequently attention was concentrated on 
it. A third possibility is that there are differences due to the period 
of the oestrous cycle. According to Marshall (17), the domestic sow 
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is polyoestrous and the duration of the dioestrous phase is from 2 to3 
weeks. During the proestrum there is a sanguineous-mucous flow 
from the vagina. Corner (18), however, from observations on large 
numbers of sows, which he knew’were in heat, did not confirm Mar- 
shall’s statement as to the sanguineous flow. He states that the 
uterine mucosa presents differences in general appearance and texture 
‘‘during the oestrous period it is paler than at other times, with a 
firmer and at times slightly gelatinous inner surface, due to oedema” 
while a week or ten days later ‘‘the mucosa is pink or red, soft and 
velvety.’’ However, he does not regard the uterine mucosa as a reli- 
able index of the stage of the cycle. No consistent differences could 
be recognized in the reaction of the pressure-juice of the congested 
and the non-congested mucosa of the non-pregnant uterus. It is not 
to be understood, however, that gross examination of them was considered 
sufficient to place them according to the cycle. Corner suggests that 
the congestion may sometimes be due to a recent pregnancy or to 
some pathological condition. Ignorance regarding the age of the 
animal and of the amount of bleeding of the carcass may be further 
cause for variation. The only marked difference, then, was between 
the pregnant and the non-pregnant uterine mucosa and here only in 
the presence of active antithrombin. In the former the tissue-juice 
from two of the twenty-six tested had antithrombic action while anti- 
thrombin was present in eight of the fourteen non-pregnant ones. 

It seems probable from the observations made by Howell and Holt 
as well as from those recorded on the intestinal mucosa, that the uterine 
mucous membrane is one of a number of organs from which pro-anti- 
thrombin may be obtained as well as antithrombin (15). Schickele 
reports an anticoagulating substance in the mucosa of the human 
uterus, taken during menstruation. If heparin and antithrombin are 
present in the human uterus they might prevent the coagulation of 
menstrual blood but it is difficult to explain why they should have 
peculiar significance in the pig’s uterus. 

Specimens of menstrual blood collected as they passed the vagina 
are diluted with mucus. An examination of the precipitate obtained 
when the blood was oxalated and centrifugalized, showed that it was 
made up of blood corpuscles, bits of fibrin and epithelial cells. Some 


of the larger masses which had the appearance of clots, when carefully 


washed, proved to be small pieces of epithelial tissue. Extensive 
hemolysis had occurred, as was evident in the supernatant fluid. There 
is no satisfactory explanation of this. The suggestion of Stickel and 
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Zondek (13) that it is probably the effect of an enzyme does not seem 
probable. Neither can the hemolysis be due to the action of bacteria, 
for it has been amply demonstrated, according to Williams (4), that 
the normal uterus is free from microérganisms. Portions of the fluid 
were heated to 60°C. in order to detemine whether fibrinogen was 
present, but with negative results. Clotting did not occur when 
thrombin was added to such specimens unheated. It has been stated 
that menstrual blood contains active thrombin, since it will clot plasma 
(3). In these experiments, however, such results were not obtained 
either by adding it to fibrinogen solution or to oxalated plasma. This 
seems strange for if clotting has occurred, as seems evident from the 
absence of ‘fibrinogen, and the menstrual blood is only serum—then 
one would expect to find thrombin present. Its presence might be 
concealed by large amounts of antithrombin but experiment showed 
that antithrombin was not present in greater amounts than in normal 
serum. Or it might have combined with antithrombin in the uterus 
to form the more stable metathrombin. Attempts to determine this 


point by alakli activation were only partially successful. A precipitate 


formed when the reactivated serum was added to a fibrinogen solution 
or to oxalated plasma, indicating a weak thrombic action. In only 
one instance did a clot form, even after several hours. 

The appearance of the menstrual fluid, especially toward the end 
of the period, suggests old clotted blood in which the clot has almost 
completely disintegrated. At the beginning the fluid is usually the 
color of freshly drawn blood, while later it is darker in color and fre- 
quently has an odor of decomposition. Possibly the blood clots as 
it leaves the vessels of the mucosa but locally in small amounts so that 
no large mass of fibrin is formed and only small fragments of clot, 
more or less disintegrated, pass from the uterus. If these suggestions 
are accepted, it is unnecessary to explain the non-coagulability by the 
presence of an anticoagulating substance in the mucous membrane of 
the uterus or by peculiarities in the menstrual blood itself. 


SUMMARY 


1. A pressure-juice obtained from the mucous membrane of the 
non-pregnant uterus of the pig frequently yields antithrombin. Anti- 
thrombin is,seldom obtained from the pregnant organ. 

2. There is evidence for the presence of heparin—as described by 
Howell and Holt—in the tissue-juice of the mucosa of both the preg- 
nant and the non-pregnant uterus of the pig. 
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3. Neither antithrombin nor heparin is obtained with regularity 
and it is suggested that their presence may be masked by an excess 
of thromboplastic substance. 

4. There is no reason for assuming that these anticoagulating sub- 
stances have a local function in the pig’s uterus, though if present in 
the human being they might inhibit the coagulation of menstrual 
blood. 

5. Antithrombin and anti-prothrombin were demonstrated in the 
mucous membrane of the pig’s intestine. 

6. Neither fibrinogen, thrombin nor antithrombin were demonstrated 
in menstrual blood. There is reason to believe that it clots as normal 


blood as it passes the uterine mucosa and that the discharge consists 


of serum and small bits of clot. There is some evidence that the 
thrombin of the serum has combined with antithrombin, forming 


metathrombin. 
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In a series of recent papers (1) dealing with studies on the nature of 
cellular antigens I have presented facts sufficient to warrant the con- 
struction of a working hypothesis to the effect that the specific antigens 
of cells, bacterial and somatic, consist of the various fatty complexes 
which are peculiar to the different species of cells and which bestow upon 
their particulate surfaces definite chemical characters. 

Every cell is regarded as a colloidal particle presenting a character- 
istic fatty (in part) surface to its enviroment. The fats of cells, 
consisting of ordinary fatty acids and their salts and esters intimately 
emulsified with protein and other material, have been removed from 
the cells by appropriate chemical methods, their nature and propor- 
tions observed, and from these data artificial complexes have been pre- 
pared from similar fatty ingredients derived from sources other than 
the cells in question, and artificial antigens have been made by creat- 
ing adsorption compounds between the fats and surfaces other than 
cell stromata. Such aqueous suspension colloids of artificial cells have 
been used in immunological experiments and have been found to give 
rise to antibody production and to replace the true cell suspensions 
in the various serological tests. 

As a control experiment to some work on the cells of malignant 
growths I applied the principles of the hypothesis to the fermentative 
properties of yeast cells. The results have seemed worthy of the 
following preliminary note. 

To begin with, yeast cells were regarded as particulate entities pre- 
senting fairly specific chemical surfaces of emulsified fat. If this fat 
complex were known and an artificial substitute for it were to be placed 
upon an appropriate surface and then brought in contact with a solu- 
tion of dextrose, liberation of CO. and the production of alcohol 
should occur. Accordingly a large quantity of 8S. cerevesiae was 
examined and the fats as fatty acids recovered by methods outlined in 
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previous papers. The identification of the fatty acids constituting 


the mixture and their proportions showed a not too difficult complex 
resembling, as Neuss states (2), olive oil. I was unable to verify the 
statement of Neville (3) that the greater quantity of the acids have 
the formula C15 H30 O02. Indeed the existence of such an acid with 
an uneven number of carbon atoms appears doubtful. We were in 
accord, however, as to the unsaturated fatty acids CIS H34 O02 and 
C18 H32 02. 

Now, since yeast itself is not highly specific in its fermentation, 
there being other fungi and perhaps bacteria also capable of inducing 
alcohol and COs, it was thought for the sake of simplicity that a single 
fatty acid having physical characters approximating those making up 
the bulk of the complex and fairly well representing it might be 
employed to advantage. Accordingly oleic acid was determined on, 
and a sample of perfectly colorless acid having an iodin value of 87.5 
and a neutralization value of 140 mgm. NaOH was used. 

The question of a proper surface to convey the fat then arose. A 
variety of substances such as cholesterol, mastic, casein, serum, 
hemoglobin, agar, etc., in association with 10 per cent dextrose solution, 
with and without electrolyte and with varying pH, was tried but in 
no instance was alcohol formed or COs. evolved. In this connection 
it has been stated that many inert substances may bring about fer- 
mentation in slight degree. Berzelius (4) mentions animal fibrin, the 
expressed juices of some plants, cheese, etc., while Guilliermond states 
that common garden peas immersed in water will cause fermentation 
by virtue of their surfaces alone. In my hands neither well-washed 
fibrin (blood) nor fat-free casein alone in contact with dextrose solution, 
where the mixtures were clear and free from bacteria and fungi, has 
produced either COs or aleohol even after standing for months at 20°C. 
Putrid fibrin yields a small volume of gas containing CO. but the 
process is soon checked and alcohol is not formed. The properties 
of fibrin, however, commended it as a surface suitable for carrying the 
fats. Therefore 0.250 gram of the substance was ground in a mortar 
to a granular condition and subsequently allowed to imbibe water 
in N/20 NaOH under toluene in the ice box overnight. The fluid 
was then filtered off, the fibrin washed thoroughly in water and the 
excess of moisture taken up by blotting paper. With the moist fibrin 
there was then triturated 0.010 to 0.025 gram freshly prepared dry 
sodium oleate and the mixture placed in the bottom of a chemically 
clean U fermentation tube, which was then filled with 10 per cent 
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dextrose solution in distilled water, brought to a pH of 7.6 to 8.3 by 
NaOH and 0.5 ce. of toluene added. A large number of such tubes, 
together with various modifications, and of Ehrlenmeyer flasks were 
prepared and an equal number of controls containing: 1, 10 per cent 
dextrose solution alone; 2, 10 per cent dextrose solution plus 1 agar 
slant of a 24 hour culture of B. coli; 3, 10 per cent dextrose plus fibrin; 
4, dextrose plus sodium oleate; 5, dextrose plus the combined alcohol- 
ether extracts of yeast; 6, the same plus fibrin; 7, dextrose plus fibrin 
plus the sodium salts of the fatty acid complex derived from yeast; 
8, dextrose plus the above salts alone; 9, dextrose plus the concentrated 
aqueous extract of yeast residue after exhaustion in a Soxhlet apparatus 
with ether and with alcohol for one week each. (This substance still 
contains yeast fats in considerable amount.) 

All mixtures were allowed to stand at room temperature. Control 
tubes 1 to 6 and 8 remained for months unchanged, sterile and clear 
save those containing the sodium salts alone with dextrose, which showed 
slight uniform cloudiness due to diffusion of the salts. After a latent 
period of a few hours to a day or so the determinant tubes and controls 
7 and 9 showed fermentation and the process continued slowly and 
about equally in all until gas completely filled the long arms. The gas 
was COs and the fluids gave all the qualitative tests for ethyl alcohol. 

The first change to occur in the active mixtures was development 
of cloudiness of the fluid due to diffusion of some of the sodium oleate; 
then, quite suddenly, the fluid cleared and at about the same time the 
fibrin became altered in appearance. Instead of the fibrin grains 
continuing to be distinctly separate, just touching at points of contact 
as in control tubes, they became agglutinated into a spongy mat the 
surfaces and pores of which soon became charged with gas bubbles 
which not infrequently carried the mat to the top of the long arm of 
the tube. The use of flasks permitted the aspiration of the gas into 
quantitative alkali. 

These experiments have been repeated many times so that some 
vagaries of the reaction have been noted. With slight variations in 
manipulation fermentation sometimes failed, the fibrin did not agglu- 


tinate but lost water and looked white and powdery, and its 
upper surface as well as the wall of the tube was covered with white 
flocculent oleate. The oleate and the fibrin must combine. In other 
tubes fermentation would be stormy at first and then slow down 
perhaps dying out before half finished. Where the proper adsorption 
was obtained, however, the process was carried on steadily, and in some 
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cases continued after renewal of the dextrose 

drawal of the gas. Often an inactive tube 

and vice versa. In watching fermentation by yeast one is impressed 
with the fact that the rapidly rising bubbles of gas favor diffusion and 
hence serve to speed up the rate. The slower formation of gas and it 
tendency to become held in the mat of fibrin appear to slow the arti- 
ficial mixtures, so that sometimes a sort of ‘‘depolarization’’ by tapping 
was necessary to restore the rate. The rate appeared to depend on 
the proper dose of oleate with reference to the surface of fibrin and 
upon its optimum adsorption thereon. It was, naturally, always slower 
thana corresponding weight of veast, reckoning fibrin and oleate to- 
gether, but much faster than with a weight of veast corresponding to 
that of oleate alone. The best results were obtained with 3 grams of 


fibrin and 50 mgm. of oleate in a large amount of dextrose solution 


‘ 
where 30 ec. of CO. were obtained daily for 5 days, or until complete 


filling of the long arm of a giant U tube oecurred. 

When acid was substituted for the alkali salt the fermentation often 
began at once and finished quickly, but in many tubes of all descrip- 
tions the rate lagged so that sometimes the process required a month 
to complete. 

The surfaces of such materials as fragments of porous earthenware 
and of pumice and of common sponge produced no effect on 10 per cent 
dextrose solutions, but when these were first permeated with films of 
oleic acid or oleate, the air spaces being well filled, and then brought 
into sugar solution, fermentation began soon, in some cases within a 
few minutes, and COs was slowly evolved for variable periods of time, 
or until the films had entirely separated from the surfaces. 

The specificity of oleic acid and its salts is of course not rigid. Impure 
acids, that is, samples with iodin value of 82, known to contain small 
amounts of lower saturated acids, and others with iodin value of 95 
containing some linolie acid, also produced alcoholic fermentation. 
Pure linolie acid, one having molecular weight and fluid character 
similar to oleic but differing widely in iodin value, fermented dextrose 
equally well. I was unable, however, to obtain fermentation by 
saturated acids of the acetic series, such as stearic, or their salts, or 
from a commercial soap. From the examination of the acids obtained 
from yeast it was expected that the fluid unsaturated fatty acids would 
prove most available, and it is possible they may be essential. The 
salts of such acids are not so readily hydrolyzed in water as are those 
of the saturated acids, and the acid salts do not separate out save at 
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temperatures lower than the solidification points of the corresponding 
acids. 

Some samples of lecithin, impure and carrying adsorbed unsaturated 
acids, also produced alcoholic fermentation in conjunction with fibrin, 
‘whereas purified lecithin did not do so. 

Without going into detail fully some further observations may 
be noted. The presence of electrolyte such as phosphate did not 
appear to be essential although balanced solutions giving a pH about 
8.0 were serviceable but no better than those made alkaline with 
NaOH. 

Fermentation appeared to be best between temperatures of 15° and 
25°C. Heat, sunlight and extremes of pH outside the limits of 6.5 to 
8.5 destroyed the activity. Slator (5) showed that the rate of fermenta- 
tion by yeast was exactly proportional to the number of yeast cells 
present. In the experiments here summarized the rate appeared to be 
proportional, as was suggested, to the extent of film-covered surface, 
and its maintenance to the ability of the fibrin or other suface to hold the 
films. With the production of CO, and alcohol there was often some 
acid produced, probably acetic. 

Like Buchner’s yeast juice, the artificial enzymes fermented other 
sugars besides dextrose, e.g., saccharose, maltose and lactose, whereas 


yeast ferments the hexoses only. For some reason no fermentation of 


levulose was obtained. 

Slightly alkaline sugar solutions were found to be fermented most 
readily, possibly because of the influence of the OH ion in initiating 
the hydrolysis, but more probably because the initial pH favored the 
proper adsorptions. 

Ten per cent sugar solutions, in distilled water, were used, save in 
the case of lactose, because it was known that the rate of fermentation 
is independent of the concentration of sugar between extremes of 1 
and 10 per cent (5), and because this concentration favored sterility. 
Toluene was always used as an added safeguard against contamination. 
Cultures taken from the fermented mixtures were sterile. The quanti- 
ties of oleate used were for the most part such as to favor sterility 
also (6). 

In some instances a moderate degree of fermentation was obtained 
by using, in conjunction with fibrin, the glycerol esters of some 
unsaturated fatty acids such as are found in olive and in sesame oils. 

The production of an artificial zymase similar to Buchner’s yeast 
juice has presented up to the present time insuperable difficulties, 
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and for this reason it was determined to approach the problem in another 
way. It was thought that the assumption of veast juice consisting of 
colloidal particles of veast fats, or specifie yeast substance, could be sus- 
tained if the zvmase were to be specifically thrown out of the fluid and 
rendered inactive by the serums of animals immunized with veast. To 
this end rabbits were repeatedly injected with fresh yeast-cell sus- 
pensions in salt solutions, and other rabbits with artificial yeast con- 
sisting of suspensions of fibrin carrying adsorbed sodium oleate. The 
serums of normal rabbits were found to contain no agglutinins for yeast 
suspensions, whereas the serums of the animals injected with the yeast 
and with the artificial substitute showed agglutinins in dilutions of 
1:10 to 1:500, although those artificially induced were not so active as 
the others. These serums also contained precipitins in comparable 
quantities as was shown by precipitations with veast juice (7). Follow- 
ing these procedures, it was then determined that the fermentative power 
of the precipitated juices had been destroyed. The fermentative 
power of the cells in the agglutination tests, however, showed an 
interesting anomaly; those that had been treated with but not 
agglutinated by normal serums produced no fermentation, whereas the 
agglutinated cells fermented strongly. At first glance this result was 
disconcerting but the explanation proved exceedingly simple. Yeast 
cells, unlike the red blood cell or the cholera bacillus, which easily undergo 
lysis by immune bodies, are quite resistant in this respect, even in the 
presence of complement, and preserve their surfaces fairly intact. 
When treated with normal serum they adsorb therefrom films of a 
protective colloid which, upon removal of the serum and addition of 
sugar solution, prevent the latter from reaching the surfaces. The 
liberation of these films by washing the cells restored the fermenting 
power. For purposes of illustration the following protocol of a group 
of animals is given. 

Six rabbits of 2 kgm. average weight were selected, of which 2 received 


six intraperitoneal injections of 3 cc. of a suspension of live yeast 


cells in salt solution at intervals of 4 days; 2 received similar injections 
of artificial yeast cells, and 2 were reserved for normal control. 

The artificial suspensions consisted of finely gound fibrin, 5 mgm. 
plus 0.25 mgm. of sodium oleate plus 3 ec. water, pH 8.3. This was 
allowed to stand with 0.1 per cent trikresol or equivalent for 1 hour 
before using. Sediment and supernatant fluid were injected together. 
Like other artificial antigens previously worked with, this showed 
toxicity, and rabbits were killed by too large doses.' 


1 See earlier papers. 
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Eight days after the last injection all rabbits of the group were bled 
from the hearts and the serums separated and inactivated at 56°C. 
for 30 minutes. 

To test the agglutinating power of the serums two series of tubes 
were used, one containing 5 ce. of a heavy opaque suspension of yeast 
cells in 0.6 per cent salt solution, the other the same quantity of a 
similar but much lighter and translucent suspension, and to these gradu- 
ated amounts of the normal and immune serums were added so that 
dilutions of 1/10, 1/50, 1/200, 1/500 and 1/1000 were obtained. After 
mixing, these series, together with controls of yeast suspension alone, 


were placed at 20°C. for 2 hours before readings were taken. Thereafter 


a small quantity of toluol was added to each tube and both series were 
let stand in a cool place over night, as so to allow all unagglutinated 
cells to settle. It was not. difficult to distinguish which tubes had 
flocculated and those in which the veast cells had merely sedimented, the 
deposits in the former being of greater volume, white, flocculent and 
adherent to the sides of the tubes,—the electronegative glass having 
adsorbed the positive cell-antibody aggregates,—while the latter 
showed even and level, slimy, buff-colored sediment. All fluids were 
then carefully pipetted off and replaced by 10 per cent dextrose solu- 
tion after which fermentation was allowed to proceed at room tempera- 
ture until finished. 

Duplicate sets of tubes were centrifugated following the readings 
of the result of the agglutination, the supernatant fluid removed, and 
to each tube 0.5 of a 1/10 dilution of fresh guinea pig serum, or 
complement, in 3 ce. of salt solution was added. The sediments 
were then mixed thoroughly with the complement and the tubes placed 
in the ice-box over night, after which the fluid was pipetted off and 10 
per cent dextrose solution added. 

The precipitation test was carried out by combining 2 cc. of freshly 
prepared, clear, filtered maceration juice (and also the aqueous extract 
no. 9, referred to on page 456) with an equal quantity of each serum 
to be tested, together with controls of yeast juice alone and serum 
alone, the mixtures being allowed to stand at 20°C. for 30 minutes. 
After the precipitates had formed in the tubes containing the immune 
serums there was added to each tube 1 ec. of a 50 per cent solution 
of dextrose. 

The results of the tests are given in the following table: 
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solution suspensions of 


Normal rabbit 1 
Normal rabbit 2.. 
tabbit yeast 1 
Rabbit yeast 2.. 
Rabbit art. yeast 1 
tabbit art. yeast 2 
No serum 


Yeast juice 2 cc. Serums ‘ec. Dextrose 1 ec. 


Juice 
Serum 


Fermentation 


++ equals complete agglutination, precipitation or fermentation 
+ equals partial agglutination, precipitation or fermentation 


— equals no agglutination, precipitation or fermentation 


NAT 
rABLE 1 
Agglutinatior ‘ 
RABBITS 
1:1 1:50 1:10 1:50 
1. 
« 
6. t t + 
1 
+ 
T T T T 
Precipitation 
9 
9 + 
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DISCUSSION 


The explanation of the foregoing facts is fairly simple. With fibrin 
and other surfaces on which the fatty acids and their salts were adsorbed 
I endeavored to make, as well as might be, artificial cell surfaces similar 
to those of yeast. The reaction of fermentation always occurs at the con- 
tact of sugar solution and the yeast mass. This was shown conclusively 
by Mitscherlich and by Helmholz (8), who separated yeast from sugar 
solution by animal membranes and found that hydrolysis took place 
only in that portion of the solution which dialyzed. CO, and alcohol 
were never formed outside the membrane. 

Now a mass of yeast culture consists of innumerable individual, 
minute cell surfaces such that the amount of specific surface is very 
great in relation to the mass. Immersed in fluid it constitutes a virtual 
suspension colloid even though the particles quickly settle out. The 
cell surfaces are specific; that is to say, they are made up of a certain 
chemical complex which gives them definite special (species) characters. 
The fats, i.e., fatty acids, salts and esters of yeast are peculiar to the 
species and differ from the complexes of all other cells I have examined. 
These fats are largely aggregated at the surfaces of the cells, emulsified 
with protein, cholesterol or its equivalent, ete., thus constituting a 
colloid wholly similar to that of the interior of the cells but of reversed 
type with reference to external phase or content of water, in the sense 
of Bayliss (9) and of Clowes (10). The presence of unsaturated fat 
in the membrane causes the cell to retain the Gram stain (11). All 
the Gram positive bacteria I have examined have shown the unsaturated 
portion of their fat content to be at least 55 to 60 per cent. The 
character of the yeast fat in this respect has been mentioned. 

The assumption of the presence of the so-called lipoids in the cells 
appears to be unnecessary, and indeed the existence of such substances 
in living cells is open to doubt. While it is admitted and believed that 
very many labile adsorption aggregates of protein, or lower nitrogenous 
material, fat and electrolyte exist and undergo change with the func- 
tional requirements of the cells, it is extremely difficult to understand 
the reason for the presence or the function of hard-and-fast substances, 
such for instance as lecithin, the common prototype of lipoids, which 
are so firm in structure that not even the most powerful reagents are 
able completely to hydrolyze them. I regard them merely as fortuitous 
compounds of extraction. 
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We have then in the yeast-glucose mixture specific particulate or 
colloid surfaces with an aqueous solution as external phase, and in the 
artificial mixtures inert membranes, fibrin, clay, etc., bearing adsorption 
films similar in chemical character to the surface membranes of yeast. 
Fermentation takes place in both mixtures—in the former briskly, 
in the latter more slowly, but usually as regularly and continuously. 
In the artificial fermentation mixtures certain changes take place. 
Where sodium oleate is used jin conjunction with fibrin, a latent 
period is evident and is required for the proper adsorption to occur. 
In aqueous solutions the alkali salts of the fatty acids, of oleic less 
than others, undergo some hydrolysis. If the solution of the salt 
of a fatty acid is brought in contact with a large surface, the fatty 
acid set free by hydrolysis ‘‘tends to collect in the surface,’’ i.e., it 
is concentrated or adsorbed there. The hydrolytic equilibrium of the 
remaining solution is thereby disturbed, and is reéstablished only by 
the hydrolysis of more salt (12). In this manner continuous films of 
fatty acid are formed upon the electro-negative fibrin and these 
surface films act as catalyst. Experience has shown that it is not 
material whether the sodium salt be rubbed up with the fibrin be- 
fore the dextrose solution is added, or dissolved in the solution 
prior to the addition of the fibrin. In the latter case a longer time is 
required for the adsorption to occur, and sometimes shaking of the 
mixture is necessary. It is probable that films are formed on the 
moist fibrin by the trituration so that a shorter interval occurs before 
fermentation begins, while in the instance where the fatty acid is add- 
ed to the fibrin in the place of the sodium salt the latent period 
may vanish and fermentation start at once, although the rate may 
be very slow, probably because the dose of acid is disproportionate- 
ly large for the fibrin surface, it being difficult to manipuiate small 
weights of liquid fatty acids. When the glycerol esters of the fatty 
acids, as in oils, are used with fibrin the small amount of alkali pres- 
ent does not combine with the fat in molecular proportions, but un- 
doubtedly small portions of the alkali salts are formed and these then 
undergo hydrolysis with subseqeunt adsorption of the liberated acid 
upon the fibrin. The latent period in such cases appears to be 
greatest of all. 

The mechanism appears to be one simply of catalytic action in which 
specific surfaces act merely as such without entering into the reaction. 
At the end of yeast fermentation the cell mass whitens and undergoes 
change, while in the artificial catalysis the fibrin and fat become dis- 
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sociated and the mat becomes white and granular. It will be observed 
that an entirely passive character has been assigned to yeast cells 
during fermentation. The chief difficulty Pasteur found with the 
simple equation of Gay-Lussae was that no provision had been made 
in it toward a supply of oxygen for respiration of the cells. A yeast 
culture uses some sugar under aerobic conditions and grows rapidly, 
but yields little fermentation because of the great increase of the mass 
and the meager amounts of sugar available in shallow depths, whereas 
under anaerobic conditions in deep containers. yeast exerts strong 
fermentation on pure sugar solutions, remains viable but practically 
unchanged in mass for a time, and then at length becomes pale, dimin- 
ishes in volume and disintegrates into a sediment of cellulose free 
from nitrogen. This was known to Thénard over a century ago. 
In modern phraseology, the yeast undergoes sterile autolysis. It is 
evident that for the non-vegetative existence under depths of sugar 
little oxygen is necessary for the cells to remain viable, and every 
bacteriologist knows that all ordinary depths of culture fluid contain, 
to meet such slender demand, abundant oxygen—so much in fact that 
frequently pieces of sterile animal tissue are purposely placed there 
to favor anaerobic conditions. There is really no valid evidence to 
indicate that yeast cells play other than a passive réle in the phenomena 
of fermentation. 

It is generally admitted that alkaline glucose solutions tend to 
break down spontaneously, and Ducleaux (13) states that sometimes 
sunlight will start the reaction, yielding in some instances alcohol 
and COs, in others acetic acid. It is probable that glucose is split at 
once in contact with yeast aceording to the oldest and simplest 
equation: C6 H12 O06 = 2C2H60 + 2COr.. Since only one inter- 
mediate compound is known in heterogeneous systems (14) it appears 
needless to postulate another in this instance. What doubtless takes 
place is, according to the conception of Nernst (15), a, diffusion of 
the sugar; b, adsorption; c, chemical change. Electrolyte, particularly 
phosphate, is not required. Surface condensation alone is sufficient 
without recource to intermediate products or to the idea of some 
writers, among others Slator (16), that sugar is taken into the cell 
and passed out as alcohol and carbon dioxide. Such an idea is pure 
assumption and certainly does not fit the facts in the case of yeast 
juice, which is cell-free. 

If one insists, however, upon the modern chemical hypothesis for the 
mechanism of fermentation, starting with the well-known effects of 


NATURE OF ALCOHOLIC FERMENTATION 


alkali upon dextrose solutions, and following the various steps of 
reduction by the alternate dissociation and readdition of a molecule 
of water, it may be assumed that the effect of the catalyst or fat is 
one which allows such a reduction to proceed in the presence of alkali, 
whereafter, selecting pyruvic acid as the simplest of several possible 
substances including methyl glyoxal, glyceric aldehyde and dihy- 
droxyacetone, capable of furnishing COs, there remains the oxidation 
of acetaldehyde to alcohol by the addition of the H, split off from 
the dextrose molecule at the same time with pyruvic acid, and which 
is supposed to remain nascent, quiescent and uncombined during the 
evolution of COs. It is argued that this mechanism is rendered more 
probable by the discovery of the presence of an additional enzyme, 
carboxylase, in yeast juice. No doubt it will be shown in the future 
that every change in the colloid state of a sol will give rise to new 
enzymes, particularly if one is inclined to be satisfied by the explanation 
of chemical processes through unknown agents. 

In the course of attempts to produce a therapeutic substance from 
yeast by grinding and expressing the juice, E. Buchner (17) experienced 
difficulty in keeping the product sterile, and to overcome it added con- 
centrated sugar solution, whence came the chance discovery of alcoholic 
fermentation without the actual presence of yeast cells. From the 
observations of many workers on the properties of this zymase, or 
yeast juice, there has been elaborated a most complicated array of 
esters and aldehydes, enzymes and co-enzymes, chemical reactions 
and equilibria. Yeast juice is a colloidal fluid invariably contaminated 
by bacteria, somewhat dark in color, viscous, opalescent, and contains 
considerable quantities of protein and fat. Its fermentative power 
is only 1/40 that of an equal weight of yeast, it deteriorates rapidly 
at 4°C. and is inactivated like the complement of blood serum and 
like bacterial toxins by filtration through porcelain (the first portion 
to pass the filter is sterile and retains some fermenting power), by 
heat, light, shaking, and by adsorption on inert surfaces like charcoal. 
Without going deeper into the matter at this time yeast juice is a 
typical emulsion colloid, and yet Buchner and others disregard the 
fact and attribute its activity solely to its content of ‘soluble ferment.” 
Unlike yeast, the juice ferments saccharose and maltose as well as 
dextrose and levulose, requiring the presence of phosphate for the 
purpose, the real function of which is probably to regulate the pH. 
While ordinary Berkefeld filtration removes a large amount of the 
ferment the juice becomes completely inactive on passage through 
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gelatin filters, one portion of the ferment called the enzyme remaining 
on the filter, the other called the co-enzyme appearing in the filtrate. 
Neither is active alone. 

Speaking of co-enzyme, Harden (8, p. 4) says: 


The chemical nature and function of this mysterious coadjutor are still un- 
known, but as it withstands the temperature of boiling water and is dyalizable 
it is probably more simple in constitution than the enzyme. This, however, is 
not all; for the decomposition of sugar a phosphate is also indispensable. It 
appears that in yeast juice, and therefore also most probably in the yeast cell, 
the phosphorus present takes an active part in fermentation and goes through 
a remarkable series of changes. The breakdown of sugar into alcohol and carbon 
dioxide is accompanied by the formation of a complex hexosephosphate, and 
the phosphate is split off from this compound and thus again rendered available 
for action by means of a special enzyme, termed hexosephosphatase. In addition 
to this complex of ferments the cell also possesses special enzymes by which the 
zymase and coenzyme can be destroyed, and further at least one substance, 
known as an antienzyme, which directly checks the destructive action. It seems 
probable, moreover, that the decomposition of the sugar molecule takes place 
in stages, although much doubt yet exists as to the nature of these. 


The hypothesis is too top-heavy to stand. Like Ehrlich’s theory 
of immunity, every weakness demands a new shore until the mass is too 
unwieldy to work. It is evident the explanation can be made far sim- 
pler. Yeast juice is a colloid containing particulate surfaces undoubtedly 
protein-electrolyte bearing thereon the specific fats of the yeast. In nearly 
all particulars it bears a striking resemblance to the bacterial toxins, 
such as of B. diphtheriae and others caused by the lysis and disintegra- 
tion of the germ bodies in a suitable menstruum. These toxins have 
been shown to consist of colloidal aggregates of the specific fats of the 
bacterial cells with particles, usually protein, of a certain size, and 
artificial toxins have been made from similar fat complexes in associa- 
tion with particles of protein, mastic, ete. (18). This is altogether 
different from the toxin theory of Delbriick and Wortmann (19), who 
regarded the formation of alcohol by yeast as something similar to the 
production of bacterial toxins. Colloids similar to yeast juice are 
obtained by the autolysis of yeast in water as in the active prepara- 
tions described by Lebedeff (20). With the idea of ferment consisting 
of these somewhat labile colloidal aggregates it is not difficult to under- 
stand the separation of the active principle, co-enzyme, from the 
particle on which it is carried by filtration through gelatin on which the 
latter is left behind. In our studies on toxins the dependence of the 
active principle (fatty complex) on particles of definite size in order to 
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form toxin was well shown by the expedient of moving the necessary 
particles from the menstruum (broth) by simple Berkefeld filtration. 
The addition of the fat complex to unfiltered broth produced toxin, 
whereas its combination with filtered broth was non-toxic. The 
bacterial and artificial toxins as well as yeast juice and autolysates 
are all inactivated by the same agents in the same manner. Harden 
admits (p. 58) that co-enzyme is a fat, but his comparison of enzyme 
and co-enzyme with the amboceptor and complement of immune 
reactions appears to me to be unfortunate since these latter substances 
do not combine until after the antigen-amboceptor aggregate has 
formed. Yeast ferment is, however, properly comparable to the 
antigens, and is indeed antigen, as has been shown in the foregoing 
experiments. Bechhold (21) states that antienzymes may be produced 
by injecting animals with the proper enzymes, but gives no reference. 

Bayliss (22) on the other hand doubts the specificity of antienzyme, 
particularly in the case of antiemulsin. While he admits the presence 
of antibody in the serums of his immunized animals as a_precipitin 
reacting with the ‘‘vegetable protein as impurity in the emulsin’”’ 
used as antigen, he states there was no precipitin for the enzyme itself, 
and compares the antiemulsin property of serum to the adsorption 
of trypsin, or rennin, by charcoal. From my point of view yeast is 
antigen, giving rise to the elaboration of antibody, and the change 
brought about in the antigen cells, or in the colloidal fluids, by adsorp- 
tion of specific antibody is fatal to subsequent enzyme action, and it 
seems immaterial whether one applies the term antienzyme for anti- 
body or not, although if we were to infer that all enzymes were antigens 
the term would take on specific significance. In this connection I 
believe that a good share of the discrepancies in the results of the 
work done on the production of antienzymes is due to the facts so 
frequently observed in experimenting with cellular antigens and their 
artificial substitutes, that the same antigen in different colloid states 
produces in one state excellent antibody and in another little or none, 


constitutes potent toxin in one and a harmless colloid in another, 
is strongly hemolytic in the one and nonhemolytic in the other—the 
one constituting enzyme, the other not at all or suffering change in 
character, like yeast juice, as its state in the colloid zone is shifted. 


It is necessary also, in this connection, to keep in mind the fact impressed 
upon us in our work of the unit character of antibody, which may be 
in one instance antitoxin, in another a complement fixing substance, 
or a precipitin, or an agglutinin, according as it operates at one 
extreme or the other of the colloid realm. 
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Early in the progress of this work it was thought advisable to con- 
duct somewhat parallel experiments on the enzyme urease, but for 
many reasons the work has not been carried far enough to warrant a 
report at this time. A number of tentative examinations of the active 
principle of Jack bean meal, and various trials of artificial fatty com- 
plexes comparable to it ‘showed convincingly, however, that definite 
results had been obtained, and that in all probability urease could be 
demonstrated to be analogous to the ferment of yeast with respect to 
its catalytic and antigenic properties. 

At the commencement of this paper reference was made to work in 
progress upon the cells of malignant growths. It will be admitted 
without question, I think, how vitally essential it is to regard such 
cells as physico-chemical entities and how necessary to direct study 
upon their chemistry and upon their colloidal relations and inter- 
actions with the normal fluids and tissues of the body from the stand- 
point of catalytic and immune reactions in order that more light may 
be thrown upon the obscure problems of sarcoma and cancer. 


CONCLUSIONS 


It is believed that the experiments summarized in this paper warrant 
the tentative conclusions that alcoholic fermentation is due to a cata- 
lytic process operating at the surfaces of yeast cells, at the colloidal 
surfaces of yeast juice (zymase), and at artificial surfaces composed 
of specific fat complexes similar to those found to be present in yeast 
cells, and that the enzyme of yeast may be regarded as belonging 
to the cellular antigens. 
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The doctrine of specific nerve energy as developed since its early 
enunciation by Johannes Miiller, states that the results of stimulation 
depend upon the end organ and not upon any peculiarity of the partici- 
pating neurones. The function of the latter, according to this view, 
is purely to conduct and so long as they retain this function they are 
doing all that the animal economy requires. 

This doctrine, however, does not imply that all fibers are alike. As 
an electric conductor might be of platinum or carbon or copper and 
still conduct electricity so nerve fibers might be conceived as being 
different in regard to internal structure and nevertheless capable of 
conducting the nervous impulse. That such differences between neu- 
rones actually exist is shown most clearly by experiments upon nervous 
conductivity. For the conductivity of different sorts of nerves, for 
example, sensory and motor, may be influenced differently by the 
application to them of the same agency and differences of this sort can 
be attributed only to difference of internal structure whether anatomic, 
physical or chemical. 

No attempt will be made at the present time to catalogue the many 
differences which have been shown to exist between different sorts of 


nerves either in respect to conduction or in other respects. It is how- 


1 The history of this research is as follows: In 1913-14, Dawson repeated and 
confirmed the work of Hafemann on the frog; in 1915 Hodges and Dawson extended 
the work to the dog, cat and rabbit but for reasons mentioned in the text the 
results were often open to criticism; in 1920 Ostlund and Dawson satisfactorily 
completed the work on rabbits and the results were embodied in Ostlund’s A.B. 
thesis presented at this University in June of that year; finally a brief summary 
of the work of Ostlund and Dawon was presented before the American Physio- 
logical Society and was published in the Proceedings, This Journal, Vol. lv, no. 2, 
1921. Dawson is responsible for the writing of the present article from the 
proctocols of the experiments. 
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ever impossible to refrain from pointing out that it is greatly to be wished 
that some one possessing an adequate knowledge of this subject should 
bring together for critical examination all the data so far accumulated. 
A relatively cursory glance on the part of the writer seems to indicate 
that such a procedure might be very fruitful. He has noted Griitz- 
ner’s observation (1) that of all motor nerves only the vasodilators of 
the hind-leg are capable of stimulation by heat, and he has felt a thrill 
of interest on recollecting that these vasodilators, the antidromic 
fibers of Bayliss, may, on the basis of our present knowledge, be expected 
to behave in just the perverse way which Griitzner described, that is to 
say, to behave like sensory fibers. But such considerations, captiva- 
ting as they may be, are beyond the scope of the present report, which 
has for its purpose to introduce the reader to what seems to be a new 
specific difference exhibited by motor and sensory nerves in their 
conductivity when under the influence of heat. 

Although our contribution to this interesting subject may be a modest 
one, we have no hesitation in presenting it since all additions to our 
knowledge in this field are stepping stones to the comprehension of the 
nature of the nervous processes and their variations. 

HistoricaL. In 1908 Max Hafemann of Leipzig reported his observa- 
tions (2) on heat block in frogs. He exposed the sciatic, applied to it 
two pairs of electrodes and then heated the region between these pairs. 
To avoid the criticism that his stimuli were spreading across the block, 
he also employed mechanical stimulation in strychninized frogs. As in- 
dicators he used the observed movements of the feet, movement on the 
same side being attributed to direct stimulation, that on the opposite 
side to reflex stimulation. 

He found that a temperature of 44° to 48° caused a disappearance of 
the conducting power of both sensory and motor nerve fibers of the 


sciatic but that the power of conduction was first lost by the sensory 


nerves. 

PRESENT RESEARCH. Apparatus and procedure: The apparatus was 
simple. A bath kept at a constant temperature held a Mariotte bottle 
containing physiological saline (0.7 per cent in the case of the frog, 
0.9 per cent in that of the mammal). A rubber tube with a transverse 
hole through it was connected with the Mariotte bottle. This hole 
transmitted the nerve which was slipped into it by means of a diagonal 
slit connecting the hole with the outer surface of the rubber tube. Thus 
the nerve came to fill the hole and lie athwart the lumen of the rubber 
tube through which flowed the heated saline. The temperature of 


. 
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the saline depended upon the rate at which it was allowed to flow from 
the Mariotte bottle, could be regulated by means of a screw clamp and 
was measured by reading a thermometer inserted into the tube just 
above the position occupied by the nerve. 

On either side of the rubber tube was a pair of platinum electrodes 
upon which the nerve rested. These electrodes were connected with 
the secondary coil of an inductorium by way of a commutator which 
permitted the operator to send the stimulus at will through either pair 
of electrodes. 

The efficacy of any stimulus in respect to the motor fibers was deter- 
mined by observing the limb supplied by the nerve. The efficacy in 
respect to the sensory fibers was determined in the case of the frog 
by the crossed reflex to the other leg, in the case of the mammal by 
the changes in blood pressure (mercurial manometer) or in respiration. 
The latter were recorded in the case of the dog by means of an abdominal 
tambour; in the case of the rabbit by means of a side tube from the 
tracheal cannula. 

The anesthesia in the frog was the result of transection of the brain 
above the medulla and pithing forward, an operation which was per- 
formed under ether; in the case of the dog, the anesthesia was due to 
morphia and ether; in that of the cat to ether only; and in that of the 
rabbit to a mixture of urethane and chloral given by mouth and to a 
subsequent light administration of ether. 

The experimental procedure consisted in exposing the sciatic, slipping 
the rubber tube around it, placing the electrodes under it, and stimulat- 
ing the nerve above or below the part enclosed by the rubber tube both 
before heating and at intervals during the heating. Between the under- 
lying muscle and the nerve was a thin layer of unheated saline on which 
the nerve lay except when being stimulated. At such times the elec- 
trodes were elevated by the turning of a screw; and, being hooked under 
the nerve, they brought the latter clear of the liquid before stimulation 
occurred. The position and fixation of the animal’s leg was such as 
to preclude undue tension upon the nerve. 

Results with jrogs. The total number of satisfactory experiments 
performed on frogs was 23. Of these 10 showed definitely a sensory 
block preceding the motor block; one showed a motor block preceding 
the sensory while in 12 the observer was unable to secure evidence either 
way owing at times perhaps to the too rapid heating of the nerve. 

The temperatures required for producing sensory block were found 
to be exceedingly variable as can be seen in the accompanying table 
(no. 1). 
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Results on mammals. Two methods were employed in making an 
examination of the nerve. By one the thresholds of the various respon- 
ses were determined; in the other the stimulus was constant and the 
intensity of the responses observed. The latter method requires no 
further description; the former may be understood from the following 
example (cf. table 3). If the central electrodes gave a sensory response 
at 33 em. (between the coils of the inductorium) and a motor response 
at 33 cm. and the peripheral electrode gave the same results (at 33 em. 
and 36 em. respectively) and if then, after heating, the former gave such 
values as 36 em., 36 em., and the latter 9 em., 36 em., then we may 
conclude a, that the irritability of the nerve above the heated area has 
remained practically unchanged (now 36 cm., formerly 33 cm.); 6, that 
the irritability of the nerve below the heated area has remained un- 
changed (now 36 em., as formerly); c, that there has been no decrease 

TABLE 1 


DATE OF EXPERIMENT MAXIMUM TEMPERATURE DURATION OF HEATING 


in conductivity for impulses passing from the central electrode over the 
heated area toward the periphery (now 36 em. and formerly 33 em. 

d, that there has been a considerable decrease in the conductivity for 
impulses passing from the peripheral electrode over the heated area 
toward the center (now 9 cm., formerly 33 em.). To this should be 
added that, as a matter of fact, any central effect produced with the 
coils at 10 cm. or less is untrustworthy owing to the possibility of 
leakage of current across the heated area. The block therefore in this 
illustrative instance is complete in one direction, i. e., in respect to the 


sensory impulses. The advantage of observing the motor reaction 
on stimulating with the peripheral electrodes and sensory reaction on 
stimulating with the central electrodes lies in the fact that they serve 
as indications of the irritability at the point stimulated. If the sensory 


response were absent on stimulating the peripheral electrode and at the 
same time the iritability were low as shown by the difficulty of obtain- 


10- 4-13 58 { 
: 10- 6-13 55 7 705 
9-30-13 53 S62? 
2-28-14 52 2 G7 
9-25-13 52 2 250 
10-25-13 17 200 
3-15-14 7 32 
j 


A474 E. O. OSTLUND, P. C. HODGES AND P. M. DAWSON 


ing a motor response, one would not be justified in concluding that a 
block had taken place since the absence of a sensory reaction might 
as easily be due to a loss of irritability at the point stimulated. 

As already stated (p. 470, footnote) the experiments on mammals 
fall into two series. The first of these comprises the work of Hodges 
and Dawson and the second that of Ostlund and Dawson. To the 
first belong 8 experiments on the dog, 2 on the cat and 11 on the rabbit; 
to the second, 11 on the rabbit. 

In the first series there were a few definite results such as are shown in 
the following table (figures represent centimeters between coils). 
TABLE 2 


CENTRAL ELECTRODE PERIPHERAL ELECTRODI 


Sensory effect Motor effect Sensory effect Motor effect 
Before heating 


During heating 


Experiment of April 28, 1915 (small dog). 


TABLE 3 


CENTRAL ELECTRODE PERIPHERAL ELECTRODE 


Sensory effect Motor effect Sensory effect Motor effect 


Experiment of October 6, 1915. 


Here a partial sensory block is clearly indicated; indeed the block 
may have been complete for with the inductorium arranged as in this 
experiment the stimulating current resulting with only 15 em. interval 
between the coils was very strong indeed and probably spread across the 
heated area. 

An excellent example of a sensory block is shown in the accompanying 
figures (table 3, already referred to) which indicate thresholds in 
centimeters of distance between the coils. 

Here it will be seen that on cooling a partial recovery took place. 
In this case a positive sensory reaction when the coils stood at 9 cm. was 
shown to be due to spread of the current from the stimulating electrode. 


30 13 15 $2? 
33 33 33 36 
36 36 9 36 
36 36 24 36 
1 
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The experiments of this series were, however, for the most part 
unsatisfactory for the following reasons. In the first place the nerves 
of dogs and cats were usually too large to be heated satisfactorily. 
Secondly, the conclusions drawn from rabbits were vitiated by a silly, 
experimental error. For, owing to the fact that the respiratory reac- 
tions of the rabbits were depressed by too high a degree of anesthesia, 
the reflex effects upon the circulation came to be recorded instead. A 
study of the circulatory phenomena led us to conclude that in rabbits 
the motor block usually preceded the sensory, a belief which was subse- 
quently invalidated by finding that our so-called sensory reaction was 
due to direct stimulation of the vasoconstrictors of the hind-leg. By 
the time these errors had been detected, it was found necessary to 
abandon the research at least temporarily. We mention our troubles 
for the warning of others. 

In the second series of mammalian experiments, only rabbits were 
used, the doses of chloral and urethane were as before but the ether 
anesthesia was in the successful experiments very light, the respiratory 
changes were used as indices of sensory function of the nerve examined. 

Of these experiments, 8 were for one reason or another unreliable, 
while the remaining 3, against which we could find no technical criticism, 
showed indubitably a sensory block which was complete in two cases 
and partial in the third (exper. July 31, 1920). The values obtained 
in the experiment of April 19, 1920 are shown in the accompanying 
table (no. 4). 

Here are given for sensory response and motor response the thresholds 
in centimeters distances between the coils. After determining these 
thresholds and heating, the coils were set 17 em. apart. Stimula- 
tion then gave a very marked effect except when the sensory fibers were 
stimulated by the peripheral electrode. The thresholds were then 
redetermined except in the case of the sensory response to stimulation 
through the more peripheral electrode. In respect to this last, no 
effect was obtained until the coils were so near together that escape of 
the stimulating current could not be excluded. Finally the stimuli at 
17 em. were repeated with the same results as before. 

The experiment of July 31, 1920, already referred to as showing 
incomplete block is interesting also in that it shows the possibility of 
the recovery of conductivity on cooling. Here the significant values 
were as follows: central electrode continued to give peripheral responses 
at 41 cm., meanwhile the peripheral electrode showed first at 21 em. 


a marked central response, then two almost negative results (the tem- 
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perature being 48°), and finally a series of quite positive results. A 
comparison of the effect upon the respiration of stimulation by the cen- 
tral electrode coil at 21 cm. and that of the peripheral electrode with 
the coil in the same position, showed marked differences. The stimulus 
which had to pass the heated area caused an increase in respiratory 
rate of from 20 (normal) to 24 per 10 seconds and of amplitude of from 
10 mm. (normal) to 14 mm. while in the case of the central electrode the 
corresponding increases were from 20 in 10 seconds (normal) to 24, 


TABLE 4 


CENTRAL ELECTRODE PERIPHERAL ELECTRODE 


Sensory effect H Motor effect Sensory effect 


Before heatin g 


Thresholds 


Afte r he ating 


At 17 em. 


Thresholds 


At 17 em. 


Experiment of April 19, 1920. 
followed by a marked inhibition (2 and later 4.5 in 10 seconds) and the 
corresponding amplitudes of excursion of the respiratory tambour were 


16, 19, 45 and 45 mm. respectively. 


CONCLUSIONS 


1. On heating the sciatic nerve of the frog the sensory fibers lose 
their power of conduction before the motor fibers. (Hafemann is 


confirmed. ) 


‘ 
Motor effect 

31 35 

3l 33 
21 33 

23 21 27 29 

92 92 92 

20 

23 27 17 — 36 
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2. In the frog the temperature required to produc this 
block is very variable, the average being about 50° (Hafemann 
3. In the frog very rarely the motor fibers are blocked by heat 
the sensory. 

t. A similar sensory heat block ma be obtained in the 

5. The temperature at which sensory heat block 
in the rabbit is very variable but may be roughly placed at 

6. On one oceasion, on cooling, recov: ry of conductivit) 
block has been observed in the rabbit. 

The difference in behavior between the sensory and the motor fibe 
may be attributed either to differences in the susceptibility of the 
fibers themselves or to differences in exposure of the two kinds of fibers. 
It is conceivable that the sensory fibers may lie on the outside of the 
sciatic nerve and that motor fibers may lie within, so that the former 
while exposing themselves may protect the latter. Although such a pos- 
sibility has not yet been excluded by experimentation, it seems highly 
improbable both inherently and also in the light of what we know of 
the distribution of the motor fibers in the human sciatie (3), for the 
latter has been carefully explored by Kraus and Ingham with the pur- 
pose of locating the fibers to the voluntary muscles, and there seem to 
have been no indications that the motor fibers are more centrally placed 


than the sensory. One may therefore with some justification assume 


that the results enumerated above are dependent upon a real difference 


in the constitution of motor and sensory nerves. 
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It is recognized that there is a great difference in the rate at which 
different materials diffuse through the wall of the alimentary tract into 
the blood stream. A salt such as sodium chloride, for example, diffuses 
very rapidly into the blood from the alimentary tract while magnesium 
sulphate scarcely diffuses at all. It is also known that the rate at which 
the fatty acids are absorbed is greatly accelerated by the presence of 
bile. 

The present investigation deals with the rate at which several differ- 
ent materials, principally foods, pass through an artificial membrane 
made of collodion. 

Methods and Results. The collodion membrane was prepared from a 
62.8 per cent solution of collodion by the method of Beal (1). In brief 
the method is as follows: This material was poured into a long test tube 
which was then inverted and allowed to drain. After about 10 minutes 
the membrane was carefully removed from the test tube and immersed 
in distilled water where it was allowed to remain until used. All the 
membranes were made from the same stock solution and in the same 
manner in order to insure as nearly as possible a uniform thickness. 
The solution to be dialyzed was introduced into the collodion tube and 
this was placed in a vessel of distilled water, unless otherwise stated. 
The names of the substances, the strength of the solutions, and the time 
of dialysis will be given in the discussion of the tables containing the 
data. 

In table 1 is shown the rate of diffusion of certain monosaccharides, 
disaccharides, polysaccharides and saccharin. Five grams of each of 
these substances were dissolved in 25 ec. of distilled water and these 

1 Submitted in partial fulfilment of the requirement for the degree of Doctor 


of Philosophy in Physiology. 
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DIFFUSION OF FOOD SUBSTANCES AND ENZYMES 


Table 


membr 


Dextrose 
Dextrose 
Dextrose 


Galactose 
Galactose 


Galactose 


Levulose 
Levulose 
Levulose 


Maltose 
Maltose 
Maltose 


Sucrose 
Sucrose 


Sucrose 


Lactose 
Lactose 


Lactose 


Laffinose 
Raffinose 
Raffinose 


Dextrin 
Dextrin 
Dextrin 


Starch 
Starch 
Starch 


Saeccharin 
Saccharin 
Saccharin 


179 
TABLE 1 
, EXPERI- BSTANCI Ms AMS 
1 5 1.860 37.2 
9 5 1.875 37.5 37.3 
3 5 1 845 36.9 
j 5 1.765 35.3 
5 5 1.795 35.9 35.7 
6 5 1.795 9.9 
3 7 ; 5 1.730 34.6 
8 5 1.700 34.0 34.2 
9 5 1.705 34.1 
10 5 1.395 27.9 
11 5 1.415 28.3 28.3 
12 5 1.430 28 6 
13 5 1.385 
14 5 1.375 27.5 
15 5 1.380 27.6 
16 P| 5 1.220 24.4 
17 5 1.220 24.4 24.4 
j 18 | 5 1.225 24.5 
19 - 5 1.595 31.9 
20 ; 5 1.585 31.7 31.7 
21 5 1.575 31.5 
99 5 0.910 18.2 
23 5 0.910 18.2 18.2 
24 5 0.915 18.3 
25 5 0.210 1.2 
26 5 0.230 1.6 1.4 
27 5 20.15 1.3 
28 5 2.345 16.9 
29 ; 5 2.330 16.6 16.7 
30 5 2.335 16.7 
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were introduced into the dialyzing tubes which were suspended in ves- 
sels containing 1 liter of distilled water each. The materials were per- 
mitted to dialyze for 30 minutes. At the end of this time the contents 
of the diffusion tubes were introduced into a weighing bottle and evapo- 
rated to constant weight at a temperature of about 95°C. The decrease 
in the amount of material in the diffusion tube at the end of 30 
minutes was taken as the amount which had dialyzed and is indicated 
in the table under ‘‘grams dialyzed,” the original amount being given 
under ‘‘grams used.”’ 

It may be seen under “‘average percentage dialyzed” that at the end 
of 30 minutes between 34.2 and 37.3 per cent of the monosaccharides 
had dialyzed} between 24.4 and 28.3 per cent of the disaccharides; 31.7 
per cent of raffinose; 18.2 per cent dextrin; 4.4 per cent of the starch; 
and 46.7 per cent of the saccharin. By comparing these figures it will 
be seen that the monosaccharides diffused more rapidly than the di- 
saccharides; the disaccharides more rapidly than dextrin or starch and 
that saccharin diffused more rapidly than any of the substance used. 

In table 2 is shown the rate of diffusion of phosphates, carbonates, 
chlorides, sulphates, citrates, tartrates and acetates. Five grams of 
each of the substances were dissolved in 25 ce. of distilled water and this 
was introduced into a dialyzing tube which was suspended in a vessel 
containing 1 liter of distilled water. The materials were allowed to 
dialyze for 30 minutes. At the end of this time the contents of the dif- 
fusion tubes were removed by several washings with distilled water and 
were introduced into weighing bottles and evaporated to constant weight 
at a temperature of about 95°C. 

It may be seen in the table that 67.0 per cent of the sodium phosphate 
had diffused in 30 minutes, 36.6 per cent of the sodium diacid phosphate, 
and 76.9 per cent of the disodium acid phosphate had diffused in 30 


minutes. 


By comparing these figures it may be seen that the introduction of 


one hydrogen atom into the sodium phosphate molecule renders it more 
diffusible, while the introduction of two hydrogen atoms renders the 
molecule much less diffusible. 

The object of the experiments to be described now is to compare the 
rate of diffusion of the saline cathartics. It is usually regarded that 
the cathartics exert their characteristic action by retarding absorption 
or withdrawing water from the blood by osmosis into the alimentary 
tract and increasing peristalsis. The three most active saline cathartics 


are sodium sulphate, magnesium sulphate and sodium potassium tar- 
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Sodium phosphate 
Sodium phosphate 
Sodium phosphate 


Disodium acid phosphate 
Disodium acid phosphate 
Disodium acid phosphate 


Sodium diacid phosphate 
Sodium diacid phosphate 


Sodium diacid phosphate 


Magnesium sulphate 
Magnesium sulphate 
Magnesium sulphate 


Sodium sulphate 
Sodium sulphate 


Sodium sulphate 


Sodium potassium tartrate 
Sodium potassium tartrate 


Sodium potassium tartrate 


Sodium pyrophosphate 


Sodium pv rophosphate 


Sodium pyrophosphate 


Potassium biphosphate 


Potassium biphosphate 
Potassium biphosphate 


Sodium carbonate 
Sodium carbonate 


Sodium carbonate 


Sodium chloride 
Sodium chloride 
Sodium chloride 


tS] 
rABLE 2 
Table showing the ate of diffusion of the ibstance named ti igh a ce 
meml 
EXPERI- SUBSTANCI MS EN 
YZ! 
5 3.350 67.0 
4 
' 2 5 3.340 66.8 67.0 
3 5 3.305 67.3 
4 5 3.840 76.8 
5 5 3.845 76.9 76.9 
6 5 3.845 76.9 
5 1.825 36.5 
5 1.850 37.0 
9 ee 5 1.820 36.4 
10 5 2.140 12.8 
11 5 2.120 42.4 
12 2.120 12.4 
13 5 1.840 36 8 
14 5 1.840 36.8 36.7 
15 as 5 1.825 36.5 
16 5 3.540 70.8 
17 5 3.540 70.8 70.5 
S| 5 | 3.545 | 70.9 
5 6 | 2.785 | 55.7 
| | 2.520 | 50.4 
23 5 2.515 50.3 50.3 
24 ; 5 2.515 50.3 
25 5 2 57 
26 5 2.870 57.4 57.5 
27 ee 5 2.890 57.8 
J 28 5 3.370 67.4 
29 5 3.375 67.5 67.5 
30 5 3.060 67.5 
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TABLE 2—Concluded 


PERcENT- | 
EXPERI- SUBSTANCE GRAMS GRAMS AGE PERCENT- 
MENT LSED DIALYZED DIALYZED AGE 
DIALYZED 
1 Potassium citrate... 5 2.735 54.7 
32 Potassium citrate... 5 2.710 54.2 54.3 
3 Potassium citrate 5 2.700 54.0 
34 Sodium citrate Raver 5 2.310 46.2 
35 Sodium citrate 5 2.310 46.2 16.2 
36 Sodium citrate... 5 2.305 46.1 
37 ~| Ammonium tartrate 5 2.485 48.7 
38 Ammonium tartrate 5 2.465 49.3 19.0 
39 Ammonium tartrate.. 5 2.450 19.0 
40 Potassium acetate......... 5 2.890 57.8 
41 Potassium acetate........... 5 2.885 7.7 57.7 
42 Potassium acetate............. 5 2.885 57.7 
43 Calcium acetate 5 1.895 37.9 
44 Calcium acetate.... 5 890 37.8 37.8 
45 Calcium acetate.............. 5 1.890 37.8 
46 Sodium acetate.......... 5 1.230 24.6 
47 Sodium acetate.............. 5 1.250 25.0 25.0 
5 1.275 25.5 


48 Sodium acetate............. 


trate. Hence one would naturally expect these three substances to 
be less diffusible than the other saline cathartics which are not so power- 
ful in their action. 

It may be seen in the chart that the rate at which magnesium sulphate 
and sodium sulphate diffused was very much the same, being 42.5 per 
cent and 36.7 per cent respectively, while the sodium potassium tar- 
trate diffused much more rapidly, 70.8 per cent having diffused in 30 
minutes. 

It may be seen further in the chart that sodium potassium tartrate, 
a powerful carthartic, is even more diffusible than sodium chloride 
which possesses very little, if any cathartic action. As a matter of fact, 
the sodium potassium tartrate was more diffusible than any of the other 
salts used except the disodium acid phosphate. 

It is known that when glycocoll is deaminized a hydroxy derivative 
of acetic acid is formed and when alanine is deaminized a similar deriva- 
tive of propionic acid is formed. The rate of diffusion of solutions con- 
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taining molecular equivalents of these two acids as well as other fatty 
acids was determined. Twenty-five cubic centimeters of the solution 
of each acid named in table 3 were introduced into a dialyzing tube and 
permitted to dialyze against 1 liter of distilled water for 30 minutes. 
At the end of this time, 1 ce. portion was titrated against N/10 standard 
sodium hydroxide using phenolphthalein as the indicator. The amounts 
of the acids dialyzed in 30 minutes are given under “grams dialyzed” 
in table 3. 


TABLE 3 
Table showing the rate of diffus fon of the organic acids named through a collodion 


membrane 


rerncent- | AVERAGE 
EXPERI- GRAMS GRAMS PERCENT- 
MENT USED DIALYZED 
DIAL TEED DIALYZED 
1 Acetic acid......... oe 5.00 2.57 1.4 
2 Acetic acid......... 5.00 2.54 0.8 51.1 
3 |} Acetic acid........ 5.00 2.56 51.2 
4 Lactic acid 7.50 3.525 47.0 | 
5 Lactic acid........ 7.50 3.600 48.0 17.8 
6 | Lactic acid.......... 7.50 3.637 48.5 
7 Propionic acid........... 6.16 2.790 45.3 | 
8 Propionic acid.... 6.16 2.796 45.4 45.3 
9 Propionic acid.. 6.16 2.790 45.3 
10 Butyric acid.............. 7 3d 2.748 | 37.5 
11 Dutyrie aeid........... = 7.32 2.748 37.5 | 37.3 
12 =| Butyric acid.............. 7.3 2.712 37.0 


It may be seen from the table that acetic acid diffused slightly more 
rapidly than propionic acid and that butyric acid diffused the least rapid- 
ly of all the organic acids used. 

It is recognized that the presence of bile accelerates the rate of absorp- 
tion of fats and fatty acids from the alimentary tract. In table 4 it 
may be seen that bile alone, as well as cream alone, dialyzed through the 
collodion membrane very slowly, while cream to which bile was added 
dialyzed rather rapidly. 

In the preceding experiments, 25 cc. of bile which had been taken from 
the gall bladders of yearling calves recently killed at the slaughter house 
were introduced into the dialyzing tube and dialyzed against 1 liter of 
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distilled water for 30 minutes. At the end of this time the contents of 
the diffusion tube were introduced into a weighing bottle as previously 
described and evaporated to constant weight at a temperature 
of about 95°C. Twenty-five cubic centimeters of pure cream, and 
cream containing 5 ec. and 10 ce. of bile respectively, and bile alone were 
introduced into dialyzing tubes which were suspended in vessels con- 
taining | liter of distilled water each. The material was permitted to 
dialyze for 30 minutes. At the end of this time, the contents of the 


TABLE 4 
Table showing the rate of diffusion of bile and cream through acollodion membrane 


PERCENTAGE OF FAT CONTENT 


EXPERI- 
Average 


SUBSTANCE 
— Before After | Percentage | 
dialysis dialysis dialyzed oy 
0 3.2 3.3 
5 52.5 49.0 7.0 6.9 
54.0 14.0 18.5 
8 | Cream 1 ce. bile. 39.5 25.6 22.7 
9 54.5 42.0 23.0 
10 | Cream 5 ce. bile............. 52.0 42.0 19.2 
Cream co. 54.0 40.0 25.9 22.5 
12 | Cream 6 ce. bile...:......... 52.5 40.5 22.4 
| 
13 | Cream 10 ce. bile.............. 49.0 32.5 33.2 
14 | Cream 10 ce. bile..............| 49.0 37.0 24.4 28.8 
15 | Cream 10 ce. bile..............| 48.5 | 34.5 | 28.9 


tube were removed and the fat content of each was determined by the 
Babcock cream tester (2). Similarly, it may be seen in table 5 that the 
presence of bile increased the rate of dialysis of the two fatty acids, oleic 
and stearic. 

One gram each of the acids and one gram of the acid plus 5 ce. of bile 
were introduced into 25 ce. of distilled water and this was permitted to 
dialyze for 30 minutes against distilled water. At the end of this time 
the material was introduced into a weighing bottle, dried and weighed. 
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TABLE 5 
Table showing the effect on the rate i ffusio the addit 
fearic ¢ { 
EXPERI- cts 
MENT YZ} 
AL YZ 
1 1 gram oleic acid ... 0.02 93 
2 Il gram oleic acid 0.026 26 
3 1 gram oleic acid 5 ee. bile 0.057 5.7 
} 1 gram oleic acid 5 ce. bile 0.053 5.3 
5 1 gram stearic acid 0.035 3.5 
6 l gram stearic acid 0.034 3 
7 1 gram stearic acid 5 ec. bile 0.062 6.2 
8 1 gram stearic acid 5 ec. bile 0.069 6.9 
TABLI 
Table showing the rate or diffusion of acetins and glycerol throug] 
membrane 
EX- RAMS RAMS PER 
PERIMENT SUBSTANCE SED IALYZE 
IALYZE 
1 Glycerol 5.0 2.595 51.9 
2 Glycerol 5.0 620 52.4 
3 Glycerol 5.0 2.980 51.6 
Monoacetin 1.25 0.547 13.8 
5 Monoacetin 1.25 0.512 11.0 
6 Monoacetin 1.25 0.532 42.6 
7 Diacetin 1.641 0.550 33.8 
S Diacetin 1.641 0.576 35.1 
9 Diacetin 1.641 0.568 34.6 
10 Triacetin. 2.033 0.252 12.4 
11 Triacetin. 2.033 0.246 12.1 
12 Triacetin 2.033 0.245 11.9 


129.1 


91.1 


When glycerol is introduced into the alimentary tract, as such, or 


when it results from the digestion of fat, it is absorbed. 


It may be seen 


in table 6 that glycerol dialyzed through the collodion tube very rapidly, 


52 per cent having dialyzed in 30 minutes. 


It may be seen further that 


I, na 
» calladior 
AVPERA } 
ENTA(C 
I 
52.0 
12.5 
34.5 
12.1 
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monoacetin, a glycerol derivative with one hydroxyl group replaced by 
one acetic radicle, diffused less rapidly than the glycerol, and the triace- 
tin, a glycerol derivative with three hydroxyl groups replaced by acetic 
acid radicles, diffused still more slowly. 

In these experiments 5 grams of glycerol were added to 25 ce. of dis- 
tilled water which was introduced into the diffusion tube and permitted 
to dialyze against distilled water for 30 minutes. At the end of this 
time the contents of the diffusion tube were removed and the percentage 
of glycerol determined by means of the refractometer (3). 

One and twenty-five hundredths grams of monoacetin were added to 25 
ec. of distilled water and this was introduced into the dialyzing tube 
which was suspended in a vessel containing 1 liter of distilled water. 
The material was permitted to dialyze for 30 minutes. At the end of 
this time the contents of the diffusion tube were introduced into a 
weighing bottle and evaporated to constant weight at a temperature of 
about 95°C. Molecular equivalent solutions were made of diacetin 
and triacetin and the method of procedure was the same as for 
monoacetin. 

During the process of digestion in the small intestines, it is known that 
a certain amount of soap is formed and absorbed. The object of the 
experiments about to be described was to compare the rate of diffusion 
through the collodion membrane of the sodium soaps of butyric, suc- 
cinic, oleic and palmitic acids. Two grams of each of these soaps were 
added to 25 ec. of distilled water and this was introduced into dialyzing 
tubes and permitted to dialyze against distilled water for 30 minutes. 
The contents of the tubes were then transferred to weighing bottles, 
dried and weighed. The weights of the dried materials are given in 
table 7. 

It may be seen that 52.7 per cent of sodium butyrate dialzyed in 30 
minutes, 36.1 per cent of sodium succinate, 16.7 per cent sodium oleate, 
and 9.3 per cent sodium palmitate. By comparing the rate of diffusion 
of sodium soaps of oleic and palmitic acids, the two acids found in ordi- 
nary fats, it may be seen that the sodium oleate diffused about 80 per 
cent more rapidly than the sodium palmitate. 

These experiments suggestthat sodium oleate may be absorbed more 
rapidly from the alimentary tract than sodium palmitate, if they dialyze 
at the same rate as shown in table 7. 

In figure 1 is shown the rate of diffusion of glycerol. The figures along 
the abscissae indicate the time in minutes, and the figures along the 


ordinate, percentage of glycerol dialyzed. 


Table shou ing the rate of 


EX- 
PERIMENT 


80 


70 


DIALYZED 


OF GLYCEROL 
S 


30 


PERCENTAGE 


Fig. 1 


SUBSTANCE 


Sodium butyrate 
Sodium butyrate 


Sodium succinate 


Sodium succinate 


Sodium oleate 


Sodium oleate 


Sodium palmitate 


Sodium palmitate 
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a collodic 


7 
1 2 0 1.050 52.5 
9 1.060 53.0 52.7 
3 ee 2.0 0.730 36.5 
4 2.0 0.716 39.58 36.1 
5 PE 2.0 0.334 16.7 
6 PC 2.0 0.336 16.8 16.7 
7 Pe 2.0 0.174 8.7 
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It may be seen that 50.8 per cent of the glycerol dialyzed in 30 min- 
utes and that 88.9 per cent had dialyzed in 80 minutes. By comparing 
the rate of diffusion of the sodium salts of palmitics and oleic acids in 
table 7 with that of glycerol in figure 1, it will be seen that glycerol dif- 
fused much more rapidly than these soaps. 

Five grams of glycerol were added to 25 ec. of distilled water and this 
was introduced into a dialyzing tube which was suspended in a vessel 
containing 1 liter of distilled water. At intervals of 10 minutes, the 


TABLE 8 


Table showing rate of diffusion of urea, glycocoll, alanine, aminoids and peptone 
through a collodion membrane 


| AVERAGE 
EXPERI- | GRAMS GRAMS PER- 
SUBSTANCE CENTAGE 
MENT — USED DIALYZED eA CENTAGE 
DIALYZED 


| DIALYZED 


5 | 4.000 | 980.0 


| } 
| 
4 5 | 2.640 52.8 
5 | 2.635 | 52.7 52.6 
6 5 | 2.615 52.3 
| | 
5 | 1.975 39.5 
5 | 1.970 | 39.4 39.3 
5 | 1.950 39.0 | 
5 | 1.240 | 24.6 
5 1.290 | 25.8 25.2 
12 5 | 1.265 25.3 
5 | 0.880 | 17.6 
15 5 | 0.910 18.2 
| 


amount of glycerol in the dialyzing tube was determined by means of the 
refractometer (3). 

In table 8 it is shown that the amino acid, glycocoll, diffuses more 
rapidly than peptone. It may be seen further in the chart that ure: 
was much more diffusible than either of the amino acids. Witte’s pep- 
tone was used in these experiments and commercially prepared aminoids 
containing 11.98 per cent nitrogen of which 8.9 per cent was amino 


nitrogen. 


DIFFUSION OF FOOD SUBSTANCES AND ENZYMES {89 


Five grams of each of these substances were dissolved in 25 ec. of 
distilled water and dialyzed for 30 minutes, evaporated to dryness, and 
weighed. 

In table 9 is shown that the effect of dialysis on the ptyalin in human 
saliva. Twenty cubic centimeters of saliva were introduced into dia- 
lyzing tubes and dialyzed against 1 liter of Ringer’s solution for 48 
hours in an ice chest. At the end of this time the diastatic power of 
dialyzed saliva, as well as the non-dialyzed or control, was determined. 
In all cases of the enzyme experiments to equalize any differences in vol- 
ume of the solution in the dialyzing tube, the contents of the tubes were 
diluted to an equal volume before the comparative tests were made. 
The amount of sugar formed in 5 minutes from the starch paste by 1 ce. 
of the saliva was taken as a measure of the activity of the enzyme. The 
starch paste was made by adding 20 grams of corn starch to 500 ec. of 


TABLE 9 
Table showing the effect of dialysis on ptyalin 


MILLIGRAMS OF SUGAR FORMED 
Za0 a 
= ENZYME & 
= = ~ 
Not dialyzed ~ Dialyzed es 
a 


0.416, 0.421, 0.419 0.41987.6 


1 | Ptyalin 4 

2 17; 0.335, 0.357, 0.338 (0.343)88.8 


1 
2 | Ptyalin | 1: 
3 | Ptyalin | 1:2 
4 | Ptyalin | 1 


5 0.225, 0.301, 0.243 (0.26648.3 


6 0.215, 0.220, 0.218 0.218 81.2 


distilled water. The mixture was allowed to boil continuously for 20 
minutes and then made up.to 500 ce. with distilled water. Ten cubic 
centimeters of the paste were introduced into each of a series of long test 
tubes, and these were placed in a water bath at 38° C. One cubic centi- 
meter of the saliva was poured into the paste and the tube allowed to 
remain in the water bath for 5 minutes, when it was run through a free 
flame and the contents brought to boiling in about 30 seconds, to stop 
all action of the enzyme. The amount of sugar in 10 ec. of this solution 
was determined according to the method of Pavy (4). The results are 
given in table 9. 

It may be seen that the strength of the ptyalin was decreased by dialy- 
sis, which probably was due to a destruction rather than a dialyzing 
of the enzyme, since the liquid outside the dialyzing tube possessed no 


diastatic activity, or the decrease in diastatic activity may have been 
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due to the inactivation of the enzyme by the membrane. Porter (5) 
has shown that collodion membranes have the power of inactivating 
enzymes. 

In table 10 is shown a comparison of the rate of diffusion of pepsin, 
pepsinogen, trypsin and trypsinogen. The pepsin and pepsinogen were 
obtained from the stomachs of dogs according to the method of Langley 
and Edkin (6). After removing the stomachs of these animals, slitting 
them open and washing with tap water, they were immersed in a 1 per 
cent sodium bicarbonate solution for 1 minute to remove any pepsin 
adhering. The stomachs were again washed with tap water and rinsed 
with distilled water. The mucosa was torn off and ground with sand 
ina mortar. Approximately 200 cc. of 0.7 per cent solution of sodium 
chloride were added to the finely ground mucosa. The liquid which was 
pressed out of this material was centrifugalized and filtered through 
three thicknesses of fine-grained filter paper by means of a vacuum 
pump. A moderately clear solution was thus obtained which was 
divided into two portions of 100 ce. each. To one portion was added 1 
cc. of a 37 per cent solution of hydrochloric acid while the material was 
being shaken vigorously. This was the pepsin solution used. Dilu- 
tions of 1:0, 1:1, 1:2 and 1:3 were made with 0.9 per cent sodium chloride 
solution. Twenty cubic centimeters of each of these solutions were 
introduced into dialyzing tubes and dialyzed in an ice chest against 2 
- liters of Ringer’s solution for 48 hours. Similarly, the diluted pepsin 
solutions were dialyzed against 0.37 per cent hydrochloric acid and 0.37 
per cent hydrochloric acid made with Ringer’s solution. At the end of 
48 hours, the proteolytic activity of the dialyzed pepsin solutions was 
determined according to the method of Mett (7). A Mett’s tube was 
introduced into 3 cc. of the liquid and digestion was permitted to pro- 
ceed for 48 hours at 37°C. The preservative used in these experiments 
was thymol. At the end of the 48 hours the tubes were removed and 
the amount of egg white digested was measured. The measurements 
are given in table 11. 

It may be seen that pepsin dialyzed as indicated by the fact that the 


activity of this enzyme was less after dialysis than before and also by 
the fact that the solution outside the dialyzing tube contained pepsin. 

The 100 ce. of -pepsinogen solution made from the gastric mucosa of 
the dog and freed from the hydrochloric acid and pepsin by means of 
1 per cent sodium bicarbonate was the pepsinogen solution used. Dilu- 
tions of 1:0, 1:1, 1:2 and 1:3 were made with 0.9 per cent sodium chloride 
solution. Twenty cubic centimeters of these solutions were dialyzed 
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against 2 liters of Ringer’s solution for 48 hours in the ice chest. The 
pepsinogen was activated by the use of hydrochloric acid. The proteo- 
lytic activity of the solution was determined in the same way as was the 
pepsin. 

It may be seen in the table that the pepsinogen did not dialyze. It 
may be seen also that trypsin as well as trypsinogen dialyzed but that 
trypsinogen dialyzed more rapidly than did trypsin. 

Pancreatic juice was the trypsinogen solution used. The pancreatic 
juice to which enterokinase had been added was the trypsin solution. 


TABLE 


Table showing the dige stive activity of the solution outside the dialyzing tubes hich 
contained the enzymes, pe psin, trypsin and try psinoge nm res pe tively 
5 MILLIMETERS EGG WHITE DIGESTED 
SUBSTANCE 
ENZYME DIALYZED 
AGAINST Aver- Dialyzed Aver- 
Normal 
age Material 
1 | Pepsin 0.37% HCl 10, 8, 9, 8, 9 9 3i 3 
2 | Pepsin 0.37% HCl 8 i] 3 
3 | Trypsin tinger’s 0, 9. 11, 11,12 11 2} 2 
4 | Trypsin Ringer’s 9,10,11, 8, 9 i) 3] 2 
5 | Trypsinogen | Ringer’s 3 ,1] 2— 
TABLE 12 
Table showing the effect of dialysis on catalase 
EX- aT OXYGEN NOT LIBERATED PERCENTAGE 
PERIMENT SNSTME DIALYZED DIALYZED DIALYZED 
1 500, 500 495, 500 0 
2 Catalase..... ...| 450, 450 $55, 450 0 
380, 365 380, 375 0 


The juice was obtained according to the method of Starling (8). The 
proteolytic activity of this juice was tested by the use of Mett’s tubes. 
Twenty cubic centimeters of trypsin as well as 20 cc. of trypsinogen were 
dialyzed against 2 liters of Ringer’s solution for 48 hours. 

In table 12 is shown the effect of dialysis on catalase. The catalase 
solution used was the defibrinated blood of a rabbit which was diluted 
1:6 with 0.9 per cent sodium chloride solution. Ten cubic centimeters 
of this blood were dialyzed in an ice chest against 3 liters of 0.9 per cent 
sodium chloride for 48 hours. The catalytic activity was determined 
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before as well as after dialysis. The determinations were made by 
adding 0.5 cc. of the blood to neutral hydrogen peroxide at approxi- 
mately 22°C. in a bottle, and the amount of gas liberated in 10 minutes 
was taken as a measure of the amount of catalase in the 0.5 ec. of the 
blood. The results of these determinations are given in table 13. It 
will be seen that catalase did not dialyze through the collodion 
membrane. 

No attempt will be made in this paper to discuss the large literature 
relative to the theories of absorption and secretion that has been stimu- 
lated by the controversies based on the two theories. Suffice it to say 
that the facts accumulated do not seem sufficient to demonstrate con- 
clusively one view or the other. 

The experiments bearing on the subject reported in this paper would 
seem to favor the mechanical theory. It may be recalled, however, 
that in this paper all of the constituents of the urine, organic as well as 
inorganic, urea was found to be the most diffusible. 

Smétanka (9) showed the presence of pepsin in the urine. That this 
pepsin comes from the stomach is shown by the fact that this enzyme 
disappears from the urine upon removal of the stomach from the animal. 
The fact that the pepsin comes from the stomach shows that the enzyme 
must have diffused through the cells of the walls of the stomach as well 
as the cells in the kidney. The experiments reported in this paper show 
that pepsin is diffusible while pepsinogen is not. This observation 
suggests that the passage of the pepsinogen from cells of the gastric 
glands into the stomach is a true secretory process and not one of os 
mosis and diffusion. Buchner and Rapp (10) showed that maltase is 
diffusible, while it was shown by Brown and Morris (11) that zymase 
is not. It was also found that both trypsin and trypsinogen diffused 
through the collodion membrane, the trypsinogen diffusing more rapidly. 

It was hoped that the study of the diffusibility of the materials named 
in this paper might throw some light that could be applied to diffusion 
through a living membrane, but any conclusions on this point require 
further work. 


SUMMARY 


1. The addition of bile to neutral fats as well as fatty acids increased 
the rate of their diffusion through a collodion membrane, just as it in- 
creases the rate of their abscrption from the alimentary tract. Glycerol 
diffuses more rapidly than either oleic or palmitic acids or the sodium 


soap of these acids. 


DIFFUSION OF FOOD SUBSTANCES AND: ENZYMES 


2. The monosaccharides diffuse through the collodion membrane more 
rapidly than the disaccharides and these more rapidly than the polysac- 


charides. 
3. As a rule, the more powerful saline cathartics diffus 


than the less powerful ones. The conspicuous exceptions to this rule 
‘se cathartics 


suggest that there are factors involved in the action of the 
other than simple diffusion and osmosis. 


4. The same amino acid, glycocoll, diffuses more rapidly than alanine; 
and acetic acid, a substance closely related to glycocoll, is more diffus- 


» less rapidly 


ible than propionic acid, a substance closely related to alanine. 


5. The enzymes ptyalin and catalase are not diffusible through 
collodion membrane. Pepsin is diffusible while pepsinogen is not. 
Both trypsinogen and trypsin are diffusible, the trypsinogen being the 


more diffusible. 


6. Of all substances used in this investigation, urea was found to be 


the most diffusible. 
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